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PREFACE  TO  THE  SEVENTH  EDITION. 


This  edition  has  been  very  thoroughly  worked  over  and, 
I  trust,  improved.  A  considerable  amount  of  new  matter 
has  been  added,  especially  in  connection  with  the  cardiac 
and  vascular  nerves,  and  the  physiology  of  the  brain;  but 
throughout  the  whole  book  many  paragraphs  have  been  re- 
written; and  many  corrections,  rendered  necessary  by  the 
discoveries  of  tlie  last  three  or  four  years,  have  been  made. 
I  hope  therefore  tliat  the  edition  will  be  found  as  well  up  to 
date  as  it  is  possible  for  a  text-book  to  be:  for  a  text-book 
must  always  incline  to  the  conservative  side,  and  deal  with 
well-established  facts  rather  than  with  even  the  most  fasci- 
nating novelties.  Still,  as  in  previous  editions,  I  have  tried 
to  show  where  the  outposts  and  the  outlooks  of  Pliysiology 
are. 

H.  N.  M. 
Maj  1, 1896. 


PEEFACE   TO   THE  FIRST  EDITIOK 


In  the  following  pages  I  liuve  endeavored  ta  give  an 
Account  of  tlie  structure  and  tiotivities  of  the  lliinuin  Body, 
irhich,  while  intelligible  to  the  general  reader,  shall  be  accu- 
rate, and  sufficiently  minute  in  details  to  meet  the  require- 
ments of  Btndents  who  are  not  UKiking  llumau  x\nutomy  and 
Physiology  subjects  of  special  advanced  stu dy.  Wherever  it 
Beetned  to  n^e  really  profitable,  hygienic  topics  have  also  been 
di&ctX88ed>  though  at  first  glance  they  may  seem  less  fully 
treated  of  than  in  many  School  or  College  Text-books  of 
Phyaiology.  Whoever  will  take  the  trouble^  however,  to 
examine  critically  what  passes  for  Hygiene  in  the  majority  of 

[•uch  cases  will,  I  think,  find  iliat,  when  correct,  much  of  it  is 

^platitnde  or  trnism:  since  there  is  so  much  that  k  of  impor- 
tance and  interest  to  be  said  it  seems  hardly  worth  while  to 
occupy  space  with  insisting  on  the  commonplace  or  obvious. 
It  is  bard  to  write  a  book,  not  designed  for  specialists^ 

f  without  running  the  risk  of  being  accused  of  dogmatism,  and 
some  readers  will,  no  doubt,  be  inclined  to  think  that,  in 
several  instances,  I  have  treated  as  established  facts  matters 
which   are   still   open   to   discussion.     General   readers   and 

iftudents  are,  however,  only  bewildered  by  the    production  of 
1  array  of  observations  and  arguments  on  each  side  of  every 

(qnestion,  and,  in  the  majority  of  cases,  the  chief  responsi- 
bility under  whicli  the  author  of  a  text-book  lies  is  to  select 
what  seem  to  him  the  best  supported  views,  and  then  to  state 
them  simply  and  concisely:  how  wise  the  choice  of  a  side  has 
been  in  each  case  can  only  be  determined  by  the  discoveries 
of  the  future. 

Others  will,  I  am  inclined  to  think,  raise  the  contrary 
objection  that  too  many  disputed    matters    have    been  dis- 
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cussed :  this  was  deliberately  done  as  the  result  of  an  experi- 
ence in  teaching  Physiology  which  now  extends  over  more 
than  ten  years.  It  would  have  been  comparatively  easy  to 
slip  over  things  still  uncertain  and  subjects  as  yet  unin- 
vestigated, and  to  represent  our  knowledge  of  the  workings 
of  the  animal  body  as  neatly  rounded  off  at  all  its  contours 
and  complete  in  all  its  details — fotuSy  teres,  et  roiundus. 
But  by  so  doing  no  adequate  idea  of  the  present  state  of 
physiological  science  would  have  been  conveyed;  in  many 
directions  it  is  much  farther  travelled  and  more  completely 
known  than  in  others ;  and,  as  ever,  exactly  the  most  inter- 
esting points  are  those  which  lie  on  the  boundary  betw^een 
what  we  know  and  what  we  hope  to  know.  In  gross  Anatomy 
there  are  now  but  few  points  calling  for  a  suspension  of  judg- 
ment; with  respect  to  Microscopic  Anatomy  there  are  more; 
but  a  treatise  on  Physiology  which  would  pass  by,  unmen- 
tioned,  all  things  not  known  but  sought,  would  convey  an 
utterly  unfaithful  and  untrue  idea.  Physiology  has  not  fin- 
ished its  course.  It  is  not  cut  and  dried,  and  ready  to  be 
laid  aside  for  reference  like  a  specimen  in  an  Herbarium,  but 
is  comparable  rather  to  a  living,  growing  plant,  with  some 
stout  and  useful  branches  well  raised  into  the  light,  others 
but  part  grown,  and  many  still  rej)re8ented  by  unfolded  buds. 
To  the  teacher,  moreover,  no  pupil  is  more  discouraging  than 
the  one  who  thinks  there  is  nothing  to  leani ;  and  the  boy 
who  has  "  finished  "  Latin  and  *'  done  "  Geometry  finds  some- 
times his  counterpart  in  the  lad  who  has  "  gone  through  '* 
Physiology.  For  this  unfortunate  state  of  mind  many  Text- 
books are,  I  believe,  much  to  blame:  difficulties  are  too  often 
ignored,  or  opening  vistas  of  knowledge  resolutely  kept  out  of 
view:  the  forbidden  regions  may  be,  it  is  true,  too  rough  for 
the  young  student  to  be  guided  through,  or  as  yet  pathless 
for  the  pioneers  of  thought;  but  the  opportunity  to  arouse 
the  receptive  mental  attitude  apt  to  be  produced  by  the  rec- 
ognition of  the  fact  that  much  more  still  remains  to  be  learned 
— to  excite  the  exercise  of  the  reasoning  faculties  upon  dis- 
puted matters — and,  in  some  of  the  better  minds,  to  arouse 
the  longing  to  assist  in  adding  to  knowledge,  is  an  inesti- 
mable advantage,  not  to  be  lightly  thrown  aside  through  the 
desire  to  make  an  elegantly  symmetrical  book.  While  I 
trust,  therefore,  that  this  volume  contains  all  the  more  impor- 
tant facts  at  present  known  about  the  working  of  our  Bodies, 
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Ltamefitlj  ])ope  that  it  makes  plain  that  Terj  much  is  yet 
\  discovered, 

A  work  of  the  scope  of  the  present  rolutne  ia,  of  course, 
cot  the  proper  mediom  for  the  publication  of  novel  facts; 
bnt>  while  the  "  Human  Body/^  accordingly,  jirofessee  to  be 
merely  a  compilation,  the  introduction  of  constant  references 
to  authorities  would  have  been  out  of  place.  I  trusty  how- 
over,  that  it  will  be  fonud  throughout  imbued  with  theinflu- 
eacse  of  my  beloved  master,  Michael  Foster;  and  on  various 
hygienic  topics  1  have  to  acknowledge  a  sjoecial  indebted neas 
to  the  excellent  series  entitled  HeaUh  Primers. 

The  majority  of  the  anatomical  illustrations  are  from 
Uenle's  Anatamie  des  Menschen,  and  a  few  from  Arendt's 
Schfflatlns,  the  publishers  of  each  furnishing  electrotypes. 
A  considerable  number,  mainly  histological,  are  from  Quaiti's 
Anaio7fij/,sLnd  a  few  figures  are  aft«3r  Bernstein,  Car }ienter, 
FreVj  Haeckelj  Helmholtz,  Huxley,  McKendrick,  and  Wiindt, 
About  thirty,  chiefly  diagrammatic,  were  drawn  specially  for 
the  work. 

Quantities  are  throughout  expressed  fii-st  on  the  metric  sys- 
tem, their  approximate  equivalents  in  American  weights  and 
measures  being  added  in  brackeia* 


H,  Newell  Martin, 


Baltimork,  Octol>er,  1880. 
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CHAPTEH   I. 


THE  GENERAL  STRICTUKE  AND  COMPOSITION  OF  THE 
HUMAN   BODY. 

DeflBition»*  The  liviiii(  Hiiuian  Body  may  be  consitlered 
from  either  of  two  tisjiei't.s.  lU  Btnictiire  may  l>e  especially 
examined,  and  the  lorius,  connections  und  inoik*  of  growth  of 
its  pjirts  be  studied,  as  also  the  reaemblances  or  differences  in 
sach  respects  which  appear  when  it  is  compared  with  other 
animal  bodiejs.  Or  the  living  liody  nniy  be  more  especially 
studied  as  an  organism  presenting  definite  properties  and 
performing  certain  actions;  and  then  its  parts  will  be  investi- 
gated with  a  view  to  discovering  wdiat  dnty,  if  any,  each  ful- 
fils;* The  former  gronp  of  stndies  eonstitntes  tlie  science  of 
Anatomy,  and  in  so  far  as  it  deals  with  llie  Human  Body 
alone,  of  Human  AtifUotnt/;  while  the  hitter,  the  science  con- 
cerned with  the  nsea- — or  in  technical  language  the  fn  net  to  na 
— of  each  part  is  known  as  !^In},Hiulutjtj,  Closely  connected 
with  physiology  is  tlie  science  of  Hifgietie,  wliich  is  concenied 
with  the  conditions  which  areilMWuWe  to  the  healthy  action 
of  the  varinug  parts  of  tlie  Body;  while  the  activities  and 
structnre  of  the  diseased  body  form  tiie  suhject*matters  of 
the  sciences  of  Pathvhgtf  and  Pitthniogtvfif  Anaiumy. 

Tiasues  and  Organs,  Histology,  Examined  merely  from 
the  outside  onr  IVodies  present  a  considerable  complexity  of 
structure.  We  easily  recognize  distinct  parts  i\&  head,  neck, 
trunk  and  limbs;  and  in  these  again  smaller  constituent 
part^,  as  eyes,  nose,  ears,  month;  arm,  forearm,  hand;  thigh, 
leg  and  foot.  We  can,  with  such  an  externa!  examination, 
go  even  farther  and  recognize  different  materials  as  entering 
into  the  formation  of  the  larger  parts.  Skin,  hair,  nails  und 
teeth  are  obviously  different  substances;  simple  examination 
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by  pressure  proves  that  internally  there  are  harder  and  softer 
solid  parts;  while  the  blood  that  flows  from  a  cut  flnger  shows 
that  liquid  constituents  also  exist  in  the  Body.  The  concep- 
tion of  complexity  which  may  be  thus  arrived  at  from  exter- 
nal observation  of  the  living,  is  greatly  extended  by  dissection 
of  the  dead  Body,  which  makes  manifest  that  it  consists  of  a 
great  number  of  diverse  parts  or  organs,  which  in  turn  are 
built  up  of  a  limited  number  of  materials;  the  same  material 
often  entering  into  the  composition  of  many  different  organs. 
These  primary  building  materials  are  known  as  the  fisinues, 
and  that  branch  of  anatomy  which  deals  with  the  characters 
of  the  tissues  and  their  arrangement  in  various  organs  is 
known  as  Ilisiohgy;  or,  since  it  is  mainly  carried  on  with  the 
aid  of  the  microscope,  lis  Microscopic  Anatomy,  If,  with  the 
}x>et,  we  com])are  the  Body  to  a  house,  we  may  go  on  to  liken 
the  tissues  to  the  bricks,  stone,  mortar,  wood,  iron,  glass  and 
so  on,  used  in  building;  and  then  walls  and  floora,  stairs  and 
windows,  formed  by  the  combination  of  these,  would  answer 
to  anatomical  organs. 

Zoological  Position  of  Man.  External  examination  of  the 
human  Body  shows  also  that  it  presents  certain  resemblances 
to  the  bodies  of  many  other  animals:  liead  and  neck,  trunk 
and  limbs,  and  various  minor  parts  entering  into  them,  are 
not  at  all  peculiar  to  it.  Closer  study  and  the  investigation 
of  internal  structure  demonstrates  further  that  these  resem- 
blances are  in  many  cases  not  suj)erficial  only,  but  tliat  our 
Bodies  may  be  regarded  as  built  upon  a  plan  common  to  them 
and  the  bodies  of  many  otlier  creatures:  and  it  soon  becomes 
further  apparent  that  this  resemblance  is  greater  between  the 
Human  Body  and  the  bodies  of  ordinary  four-footed  beasts^ 
than  between  it  and  the  bodies  of  birds,  reptiles  or  fishes. 
Hence,  from  a  zoological  point  of  view,  man's  Body  marks 
him  out  as  belonging  to  the  group  of  Mammalia  (see  Zoology), 
which  includes  all  animals  in  winch  the  female  suckles  the 
young  ;  and  among  mammals  the  anatomical  resemblances 
are  closer  and  the  differences  less  between  man  and  certain 
apes  than  between  man  and  the  other  mammals;  so  that 
zoologists  still,  with  Linmeus,  include  man  with  the  monkeys 
and  apes  in  one  subdivision  of  the  Mammalia,  known  as  the 
Primates.  That  civilized  man  is  mentally  far  superior  to 
any  other  animal  is  no  valid  objection  to  such  a  classification, 
for  zoological  groups  are  defined  by  anatomical  and  not  by 
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phyaiological  characters;  and  mental  traits,  since  wo  know 
thai  their  nnuiifesiation  (lejxMids  upon  tho  structural  integ- 
rity of  certain  or^ns.  are  r^pecially  phenomena  of  fu  net  ion 
and  therefore  not  available  fur  purposes  of  zoological  ar- 
mngenient. 

As  nnin  walks  erect  with  the  head  upward,  while  the  great 
majority  of  Maniinals  go  on  all  fours  with  the  heaii  forward 
aud  the  back  upward,  and  various  apes  adopt  intci*niediate 
]M>sition.^,  confusion  i«  apt  to  arise  in  considering  correspond- 
ing part3  in  man  and  other  animals  uidess  a  j»reci^e  rueatj- 
ing  tw  given  to  such  terms  nB  "*  anterior '*  and  *' posterior/' 
Auatouii^td  therefore  give  those  worilti  definite  arbitrary  sig- 
bit!cation§«  ^J'he  )jimd  end  h  always  auiMd^r  wftatever  the 
lutnral  position  of  the  animal, atid  the  oppo.siteemi  pihslvrior; 
the  l>elly  side  is  j^poken  of  as  veftfnrl,  and  tlie  opposite  side  as 
dofMitl ;  rig/if  and  leff  of  course  present  no  ditfieulty:  the 
terms  cephalic  and  caudal  as  equivalent,  respectively,  to  ante- 
riv>r  and  {yoi^t^rior,  are  sometimes  UaetL  Moreover,  that  etid 
of  a  nmlrnearer  theffffffk  is  spoken  of  as  pst&xinud  witli  refer- 
eiico  to  the  other  or  distal  end.  The  words  upper  and  lotcer 
may  bo  conveniently  used  for  the  relative  position  of  parts  in 
the  natural  standing  jwi^itiou  of  the  auinuil. 

Tho  Vortebrato   Plan   of  Structure,     Neglecting  such 
merely  apparent  dififerences  as  ari^ie  from  the  difTerences  ol 
normal  posture  above  pointed  ont,  we  find  that  man'*?  owtj 
il  cla?9«  the  Mammalb%  differs  very  widely  in  it8  broad 
^  il  plan  from  the  grouin  including  sea-aneujonca,  in- 

sects or  oysters,  but  agrees  in  many  points  with  the  groups  of 
Hffheii,  amphibians,  reptiles  and  birder.     These  four  are  there- 
fore placeil    with  man  ami  all  other  Mammals  in  one  great 
iHviflion  of  the  animal   kingdoni   known    as  the  V^tehraJaT 
The  main  anatomical  character  of  all  vertebrate  aninnils  is 
the  preatenco  in  the  trunk  of  the  body  of  two  cafitie«,  a  dmnnl 
and  a^PiitCjl,  separated  hy  a  solid  piirtitiou;  in  the  adtilts  of 
nearly  idl  vertehrate  aninnils  a  hard  axi.<»  the  vertebral  column 
{brtci-iMtns  or  spifie)f  develops  in  this  partition  and  forms  a 
central  support  for  the  rest  of  tlie  body  (Fig.  2,  ee)^     The       i  ^ 
dtmX  cavity  is  continued   through  the  neck^  when  there  is  "^  n 
one,  into  the  headland  there  widens  out.     The  bony  axis  is 
also  continnt^d  through  the  neck  and  extends  into  the  heud 
in  A  modified  form.     The  ventral  cavity,  on  the  other  hand, 
ifl  confined  to  the  trunk.     It  contains  the  main  organs  con- 


Fia.  1.— The  boily  >>,.  i  .  \  Tjujh  \he  trout  to  show  lUt»  contents  of  tt«  ventral 
cavity.  In,  lyii^s;  /i.  htviil,  ijunly  eorered  by  other  tliini^;  fe,  le*,  right  ftntl  l*«ft 
hv^T  lohfn  ie»«rM»t'tlvely  ;  ma,  stomacb  ;  i*#»  the  grMt  oitlflltittn.  a  membran«t  con- 
tHJiiiD>f  lat  M'hich  tiaiigs  down  from  the  posterior  horiler  of  the  stomach  and  covers 
the  hiit^tiiies. 

membranous  transYerse  partition,  the  m idriff  op  dimpk ray m 
(Fig,  1,  t),  separating  it  into  an  anterior  chest  or  Iharacic 
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cavity,  and  a  posterior  or  abdominal  vavittf,  Hie  alimentary 
CJinal  and  whatever  else  juu^ses  from  oue  of  these  caviLiea  to 
the  uther  nuist  tliurefure  purforftte 
the  diaphragm. 

lu  the  chest,  besides  part  of  the 
alirneatiirj  canal,  iie  importaTjt  or- 
^uTii*,  the  hmrij  h,  and  hufffs,  lu; 
I  he  heart  heing  on  the  ventral  side 
of  liie  alimentary  eanal.  The  ab- 
dominal cavity  is  mainly  occupied  by 
the  alimentary  caoul  and  organs  ron- 
riected  with  it  and  eoneerned  in  the 
digestion  of  food,  as  the  s/omaeh, 
ma,  the  /iVer,  le,  the  pancrea^f  and 
the  ifUes/itics.  Among  the  other 
more  prominent  organs  in  it  are  the 
kulneyg  and  the  spleen. 

In  the  dorsal  or  nenral  cavity  lie 
tiie  hrrtin  and  spinnl  cord,  the  former 
occnpying  its  anterior  enlargement 
ill  the  head.  Brain  and  8])inal  c<)rd 
together  form  the  cerebrO'Spinal 
mrmoMH  centre;  in  addition  to  this 
there  are  fonnd  in  the  ventral  cavity 
tt  number  of  gmall  nerve-centres 
imit4id  together  by  connecting  eords, 
and  with  tlieir  offshoots  forming  the 

The  walls  of  tlie  tiiree  main  cavi- 
are   lined    by    smooth,    moist 
''^^^raneJi.     That  lining  the 
lors^^i  \s  \\\e  anwhuQid;  that 
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Fio.  t.-^Dfaermmni&tlc  loogi- 
tiiflinxil  KCH^iliod  of  tUt^  body.  «, 
tho  iitiuriil  tutHj.  with  its  upper 
riiliHKi*m<*rit  it]  the  skuH -cavity 
at  ti';  N^  the  sptiiiil  t?«trd;  JV% 
ibe  brail) ;  *'»',  vHr^'^brfe  form- 
inf?  thf  ftolkl  [larliiinn  beiweea 
thedortuil  anr!  Tt^rifral  cairltJeH; 
h,  tlip  plf*uraL  ftDr]  l,  the  r4)>dom- 
irmJ  divi^itm  of  thf<  venci-nj  c*y- 
...  1  1^.1  f  ii*     il>%  h«»parai;wi  Troni  ontf  tthotht»r 

lining   ihe  chest  im  pleura ;   that  by   the  duphmiiriii.  f/:   i,  the 

!•    .     "    ,1         1   J  .1,  '.  imsAl,  aiHl  fi.  Tin*  mouth   cham- 

Inung  the  abdomen  the  perilonettm;  ber.  oi>».Minjr  behimi  into  tbe 

the  af»riominai  cavity  is  in  conse- 1::;^;:^^,::;;::;^::^^^:^^ 

qnenee  often  called  the  peritoneal  l^r::;.r^rt'rt';;vI];^S[i; 
cavity.  Externally  the  walk  of  these  :::^:f!ti;^ti^rt^'^^ 
cavities  are  covcnsd    by  the   skin,  tiiru^irK  th*  abdootinia  cjTity 

,  J  *    to  the  pOfft«rior  openlngr  of  the 

which  consists  of  two  layers :  an  on  ter  aiitneourj  canaK 
homy  layer  calletl  the  epidermis,  which  is  constantly  being 
i«hed  on  the  snrface  and  renewed  from  below;  and  a  deeper 
layer,  called   the  dermis  and   con fui rung   blood*  which    the 
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epidermis  docs  not.  Between  the  skin  and  the  lining  serous 
membranes  are  honesj  mnacles  (the  lean  of  meat),  and  a  great 
number  of  other  structures  which  we  shall  have  to  consider 
hereafter.  All  cavities  inside  the  body,  sis  the  alimentary 
canal  and  tlie  air-pasi5a<;:ei«,  which  open  directly  or  indirectly 
on  the  surface  are  lined  by  soft  and  moist  prolongations  of 
the  skin  known  as  mucouii  membranes.  In  these  two  layers 
are  found  as  in  the  skin,  but  the  superficial  bloodless  one  is 
called  epU  helium  and  the  deeper  vascular  one  cor  turn, 

Diagramniatically  we  may  represent  the  Human  Body 
in  longitudinal  sectitui  as  in  Fig.  '2,  where  aa'  is  the  dorsal 
or  neural  cavity,  and  b  and  c,  resi>ec lively,  the  thoracic  and 
abdominal  subdivisions  of  the  ventral  cavity;  d  represents 
the  diaphragm  separating  them:  ee  is  the  vertebral  column 
with  its  modified  prolongation  into  the  head  beneath  the 
anterior  enlargement  of  the  dorsal  cavity;  /  is  the  ali- 
mentary canal  opening  in  front  through  the  nose,  t,  and 
mouth,  o;  //  is  the  heart,  /  a  lung,  n  the  symjKithetic  nervous 
system,  and  k  a  kidney. 

A  transverse  section  through  the  chest  is  re])resented  by  the 
diagram  Fig.  )»,  where  r  is  the  neural  canal  containing  the 
spinal  cord.     In  the  thoracic  cavity  are  seen  the  heart,  //, 


Fio.  3.- A  diairramniatic  fieetion  across  th»»  Bixly  in  th«»  chwt  recion.  x.  the 
dorsal  ttilM>,  which  cniitaiiis  tht*  spinal  oiml:  the  blark  niaKs  Kurn>niidini;  it  is  a 
vertHtra:  u!  the  gullet,  a  iMtrtof  the  uliit)fntar>- canal:  /i.  the  lieart;  jcv.  synii^- 
thetie  iiervou*t  system ;  //.  hiofcs;  the  dnitetl  hues  anmml  them  are  the  pleuiH*:  >r. 
ribs;  */.  I  hi*  hreiist-bone. 

the  lungr*.  //,  jKirt  of  the  alimentary  canal,  a.  and  the  sympa- 
thetic nerve-centres,  Af//  ;  thedotte<l  line  on  each  side  covering 
the  inside  of  the  chest -wall  and  the  outside  of  the  lung 
represents  the  phmni. 

Sections  through  corresponding  parts  of  any  other  Mam- 
mal would  agree  in  all  essential  points  with  those  represented 
in  Fijrs.  -  and  .\, 
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The  Iiimbs.  The  limbs  present  no  such  arrangement  of 
canities  on  euch  side  of  a  bony  axis  as  is  seen  in  the  trunk. 
They  have  an  axis  formed  at  dilTurent  partis  of  one  or  more 
bo!ie»  (ii^  seen  at  V  and  li  in  Fig.  4,  which  represents  a  eroas- 
sectioQ  of  the  forearm  near  the  el  bow- joint),  but  around  this 
are  closely 'packed  soft  parts,  chiefly  mnscles,  and  the  whole 
is  enveloped  in  skin.  The  only  <3avities  in  tlie  limbs  are 
branching  tubes  which  are  fill^'d  witli  lifpiids  duriug  life, 
either  hhmi  or  a  watery-looking  fluid  known  as  hjmph.  These 
cubes,  the  blood  and  lymph  vcssvh  respectively,  are  not,  hovi'^- 


,  Iki-^A  flectjnn  nrross  the  forfiama  &  shnrt  distance  b*»li>w  (he  elbow- jofnf.     J? 
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1 1»   ri,  nerveft  MDd  vesAeln. 

ever,  characteristic  of  the  limbs,  for  they  are  present  hi 
labundance  in  the  dorsal  and  ventral  cavities  and  in  their 
r  Walls. 

Chemical  Composition  of  the  Body.  In  addition  to  the 
study  of  the  Body  im  com  posed  uf  tissues  and  organs  which 
are  optically  recognizable,  we  nmy  consider  it  as  coniposerl  of 
«  nnmber  of  different  chemit-sil  stil>^rances.  This  branch  of 
knowledge,  which  is  still  very  incomplete^  really  presents  two 
clas^eG  of  problems.  On  the  one  hand  we  may  limit  ourselves 
to  the  examination  of  the  cliemieal  substances  which  exist  in 
or  may  be  derived  from  tlie  dead  Body,  or,  if  saeli  a  thing 
were  possible,  from  the  living  Body  entirely  at  rest;  such  a 
study  is  esfientially  one  of  structure  and  may  be  called  Chmn- 
icul  Afwiamy*  But  as  long  as  the  Body  is  alive  it  is  the  seat 
of  constant  chenjical  transformations  in  its  material,  and 
these  arc  inseparably  connected  with  its  functions,  the  great 
majority  of  which  are  in  the  long-run  dependent  upon  chem- 
a1  changes.  From  this  point  of  view,  then,  the  chemical 
idy  of  the  Body  presents  }diy biological  problems,  and  it  is 
gaal  to  include  all  the  facts  known  iis  to  the  chemical  com- 
rition  and  metamorphoses  of  living  matter  under  the  name 


8  THB  HUMAN  BODY. 

of  Physiological  Chemistry,  For  the  present  we  may  confiDe 
ourselves  to  the  more  important  substances  derived  from  or 
known  to  exist  in  the  Body,  leaving  questions  eoneerniug  the 
chemical  changes  taking  place  within  it  for  consideration 
along  with  those  functions  which  are  })erformed  in  connection 
with  tliem. 

Elements  Composing  the  Body.  Of  the  elements  known 
to  chemists  only  sixteen  have  been  found  to  take  jntrt  in  the 
formation  of  the  human  Hmly.  These  are  carbon,  hydrogen, 
nitrogen,  oxygen,  suljihur,  jjliosphorus,  chlorine,  fluorine, 
silicon,  sodium,  i>otjissiuin,  lithium,  calchim,  magnesium,  iron 
and  manganese.  Copper  and  lead  have  sometimes  been  found 
in  small  quantities,  but  are  probably  accidental  and  occa- 
sional. 

Uncombined  Elements.  Only  a  very  small  number  of  the 
abf)Vo  elements  exist  in  the  Body  uncombined.  Oxygen  is 
found  in  small  quantity  dissolved  in  the  blood;  but  even  there 
most  of  it  is  in  a  state  of  loose  chemical  combination.  It  is 
also  found  in  the  cavities  of  the  lungs  and  alimentary  canal, 
bein^  derived  from  the  insj)ired  air  or  swallowed  with  food 
and  saliva;  but  while  contained  in  these  spaces  it  can  hardly 
be  said  to  form  a  part  of  the  Body,  yitritgen  also  exists  un- 
combined in  the  lungs  and  alimentary  canal,  and  in  small 
quantity  in  solution  in  the  blood.  Free  hiidroyen  has  also 
been  found  in  the  alimentary  canal,  bein<:;  there  evolved  by 
the  fermentation  of  certain  foods. 

Chemical  Compounds.  The  number  of  these  which  may 
be  obtained  from  the  Body  is  very  great;  but  with  regard  to 
very  many  of  them  we  do  not  know  that  the  form  in  which 
we  extract  them  is  really  that  in  which  the  elements  they 
contain  were  united  while  in  the  living  Body:  since  the 
methods  of  chemical  analysis  are  such  as  always  break  down  the 
more  complex  forms  of  living  matter  and  leave  us  only  its  de- 
bris  for  examination.  We  know  in  fact,  tolerably  accurately, 
what  comj)ounds  enter  the  Body  as  food  ami  what  finally 
leave  it  as  waste;  but  the  intermediate  conditions  of  the  ele- 
ments contained  in  these  comjiounds  during  their  sojourn 
inside  the  Body  we  know  very  little  alwut;  more  especially 
their  state  of  combination  during  that  part  of  their  stay  when 
they  do  not  exist  dissolved  in  the  bodily  liquids,  but  form 
part  of  a  solid  living  tissue. 

For  present  purposes  the  chemical  compounds  existing  in 


I 
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^^  deriTod  from  tlie  Body  may  bo  cliis.sified  as  organic  and  in- 
^rgMnic,  and  the  former  be  subdivided  into  those  which  cOn- 
^iti  nitrogen  and  thotte  whicli  do  not. 

Nitrogenous  or  Azotized  Organic  Compounds*  These 
'%ll  into  several  nuiiu  groups:  proleids^ i^piumSy  albuminoids^ 
^Hz^mes,  cri/iifallitic  suffshmcers^  and  cohriug  mafters. 

Proteids  njx'  by  fur  llie  most  chiinititeristie  substances 
obtained  from  the  Body,  since  they  are  only  known  as  exist- 
ing in  or  derived  from  living  things,  either  animals  or  plants. 
The  type  of  this  cla^t^  of  bodies  may  be  found  in  the  white  of 
&11  egg,  where  it  is  stored  up  us  food  for  the  deve!oj>inL^  chick  j 
from  this  typical  form,  which  is  called  vifg-alhumin^  the  pro- 
teids in  general  are  often  called  ttUtnminoits  bodies.  Each 
of  them  contains  TMU'bon,  hyflrogcii,  oxygen,  saipbuir  and 
Mlurugen  united  to  form  a  \'ery  enniplex  molecule,  and  aUhouLih 
different  members  of  the  family  dttlcr  from  one  another  m 
minor  ijoints  tbey  all  agree  in  their  broad  features  and  Insve 
similar  percentage  composition.  The  latter  in  different 
kmples  varies  within  the  following  limits: 


*•*••••* 


,  •  • 50  to     05  per  ceut. 

nydro^ii. ,. 6.8  t<j    7.3      ** 

oiygen ,   ...  22«to24.I      '• 

Nitrogen • 15  4  to  18  2      •* 

^  SulpLur. ., O.ito    5,0      •* 

In  addition  a  small  qnantity  of  ash  is  usual ly  left  when  a 
proteid  is  burnt. 

Proteids  are  recognized  by  the  foHowing  characters: 

1.  Boiled,  either  in  the  solid  stato  or  in  solution,  with  etrtiug 
nitric  acid  they  give  a  yellow  liquid  which  becomes  orange  on 
neutralization  with  ammonia.    This  is  the  xuHtho'ijndriv  lest. 

2,  Boiled  with  a  solution  containing  j^iibuitrato  and  per- 
nitrate  of  mercury  they  give  a  pink  precipitate,  nr,  if  in  very 

aall  qnantity,  a  piok-colorcd  solution.     Thin  is  known  a8 
fU Ion's  iesf, 

S.  If  a  solution  crmtaining  a  proteid  be  strongly  acidulated 
irith  acetic  acid  and  be  boiled  after  the  addition  of  an  equal 
bulk  of  a  Bala  rated  watary  solution  of  sodium  sulphate,  the 
proteid  will  be  precipitated. 

Among  the  more  important  proteids  obtained  from  the 
Human  Br>dy  are  the  following: 

Serum^albumin.     This  exists  in  solution  in  the  Wood  and 
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is  very  like  egg-albumin  in  its  projierties.  It  is  coagulated 
(like  the  white  of  an  egg)  when  boiled,  and  then  pas^s  into 
the  state  of  coagulated  profeid  which  is,  unlike  the  original 
serum-albumin,  insoluble  in  dilute  acids  or  alkalies  or  in 
water  containing  neutral  salts  in  solution.  All  other  proteids 
can  by  appropriate  treatment  be  turned  into  coagulated 
proteid. 

Fibrin,  This  forms  in  blood  when  it  "  clots,"  either  in- 
side or  outside  of  the  Body;  it  is  insoluble  in  water  and  dilute 
acids  or  alkalies;  soluble  in  strong  acids  and  alkalies  and, 
though  slowly,  in  ten  j)er  cent  neutral  saline  solutions. 

Mijosin,  This  is  derived  from  the  muscles,  in  which  it 
develops  and  solidifies  after  death,  causing  the  **  death-stiffen- 
ing." 

GlithuUn  exists  in  the  red  globules  of  the  blood  and  dis- 
solved in  some  other  liquids  of  the  body.  In  the  blood-cor- 
pusclos  it  is  combined  with  a  colored  non-proteid  substance 
to  form  hiPmnylubin,  which  is  crystallizable.  Allied  sub- 
stances, )i(trafjlohnUn  and  fibriiwgeny  are  found  dissolved  in 
tlie  blood-liquid.  When  blood  clots  the  fibrinogen  gives  rise 
to  fibrin, 

Cifseiii  or,  as  it  is  better  named,  caseinogen  exists  in 
milk.  Its  solutions  do  not  coagulate  spontaneously  or,  like 
that  of  serum-albumin,  on  bailing.  When  milk  turns  sour  on 
keei)ing,  or  when  it  is  very  slightly  acidulated  with  dilute 
acetic  acid,  the  casein  is  precij)itated.  The  clot  or  curd  which 
forms  when  milk  is  gently  warmed  with  gastric  juice  or  with 
rennet,  is  also  derived  from  caseinogen;  it  differs  from  true 
casein  and  is  named  tyre  in  :  it  is  the  chief  constituent  of 
cheese. 

Peptones.  These  are  formed  in  the  alimentary  canal  by 
the  action  of  some  of  the  digestive  liquids  upon  the  jiroteids 
swallowed  as  food.  They  contain  the  same  elements  as  the 
proteids  and  give  the  xantho-proteic  and  Millon's  reactions, 
but  are  not  precipitated  by  boiling  with  acetic  acid  and 
sodium  sulphate.  Their  great  distinctive  character  is,  how- 
ever, their  diffuflibility.  The  proteids  proper  will  not  f^rah^e 
(see  Physics),  but  the  peptones  in  solution  pass  readily 
through  moist  animal  membranes. 

Albuminoids  or  Gelatinoids.  These  contain  carbon, 
hydrogen,  oxygen  and  nitrogen,  but  rarelvji]ijK«ntptTur.  Like 
the  proteids,  the  nearest  chemical  allies  of  which  they  seem 
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^^  be,  they  are  only  known  i!i  or  (derived  from  living  beings. 

^'^fatin^  obtained  from  bnne^  and  ligaments  by  boilillj^^  is  a 

^5l>iea1  albuminoid;  as  is  rhmitlriH,  wbicU  is  obtained  simihtrly 

^roin  gristle.     Mucin^  wbieb  ofives  tlieir  glairy  tenacious  char- 

'^^ter  to   the  secretions  of  the  mouth   and   uose,  is  anothei 

^bmiiinoitl. 

Bosymesor  Soluble  Ferments  iire  a  ^^rnuj)  of  .substances 
"^liicb  seem  to  be  alliLKj    in  cbemieal  composition  to  tlie  true 
Proteids,  but  it  is  so  diltieult  to  be  sure  of  the  purity  of  any 
^liecimen    that    tlieir   composition    is   still    in    doubt.      Tlie 
w'sizf/nte.s  have  t!m  power,  even   when  present   in  very  small 
i'lnaiUity,  of  bringing  ai)out  extensive  elianges  in  other  sub*  I 
Btances,  and  f  bey  are  not  themselves  necessarily  used  up  or 
desstroyed  in  the  |)rocess.     Many  enssymes  of  great  |diystologi- 
eal  importanee  exist  in  the  digestive  fluids  and  phiy  a  part  in 
littins  food  for  absorpticm  from  the  alimentary  canal.     For 
example,  pe^ain  found  in  the  gastric  juice  and  trffpiiin  found 
in  the  pancreatic  secretion  convert,  niuJer  guitable  eonditious, 
albuminous  substances  into  peptones;  ami  phfaliH,  found  in 
\e  saliva,  converts    starch    into    sugar.      Other    ferments 
^nse  the  clotting  of  various  animal  lirpiids:  rennin  from  the 
gastric  juice  diots  tlie  casoinogen  of  milk  preparatory  to  its 
digestion;  and  a  ferment  which  fornis  in  *lrawn   blood  con- 
verts fibrinogen  into  fibrin.     We  shall  have  occasion  later  to 
study  several  enzymes  more  in  detail  in  connection  with  their 
physiological  uses. 

Crystalline  Nitrogenous  Substances,  These  are  a  heter- 
«>geneous  group,  the  great  majority  of  them  being  materials 
which  have  done  their  work  in  the  Body  and  are  about  to  be 
Tl^fe  riii  nf.  Nitrogen  enters  the  Body  in  foods  for  the  most 
[mrt  in  the  chemically  com|dex  form  of  some  protcid*  In  the 
vital  processes  these  protcids  are  lirokeu  down  into  sim^der 
substances,  their  carbon  being  partly  combined  with  oxygen 
and  psissed  out  through  the  lungs  as  carbon  dioxide;  their 
hydrogen  is  similarly  in  large  part  combined  witii  oxygen  and 
passed  out  as  water;  while  tlieir  nitrogen,  witlj  some  carbon 
and  hydrogen  and  oxygen,  ie  usiudly  passed  out  in  the  form 
of  a  crystalline  compound,  containing  what  chemists  call  an 
**  ium  FPsidne/*     Of  these  the  most  important  is  urea 

i}  I  le/iNIl,,CO).  which  is  eliminated  through  the  kid- 

neys.    Uric  acid  is  anotiier  nitrogenous  waste  product,  and 
many  others,  such  as  kreatin  and  hucin^  eeenj  to  be  inter- 
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mediate  stages  between  the  proteids  which  enter  the  body  and 
the  urea  and  uric  acid  which  leave  it. 

In  the  bile  or  gall,  two  crystallizable  nitrogen-containing 
bodies,  glycocholic  and  taurochoUc  acid,  are  found  combined 
with  so<ia. 

Nitrogenous  Coloring  Matters.  These  form  an  artificial 
group  whose  cau&titution  and  origin  are  -^ -known.  Among 
the  most  im])ortunt  are  the  following: 

H(emaiiti,  derived  from  the  red  corpuscles  of  the  blood  in 
which  a  residue  of  it  is  combined  with  a  proteiti  residue  to 
form  hienioglobin. 

Bilirubin  and  biiiverdin,  which  exist  in  the  bile;  the 
former  predominating  in  the  bile  of  man  and  of  carnivorous 
animals  and  giving  it  a  reddish-yellow  color,  while  biiiverdin 
predominates  in  the  bile  of  Herbivora,  which  is  green. 

Non-Nitrogenous  Organic  Compounds.  These  may  be 
conveniently  grouped  as  hydrocarbons  or  fatty  bodies;  carbo- 
hydrates or  amyloids  ;  and  certain  nnn-azotized  acids. 

Fats.  The  fats  all  contain  carbon,  hydrogen  and  oxygen, 
the  oxygen  being  present  in  small  i)roportioii  as  compared 
with  the  hydrogen.  Three  fats  occur  in  the  Body  in  large 
quantities,  viz.:  palmatin  (0^,11,^0,),  stearin  (C„H,„OJ, 
and  olein  (0^,11,0^0 J.  The  two  former  when  pure  are  solid 
at  the  temperature  of  the  Body,  but  in  it  are  mixed  with 
olein  (which  is  liquid)  in  such  proportions  as  to  be  kept  fluid. 
The  total  quantity  of  fat  in  the  Body  is  subject  to  great  vari- 
ations, but  its  average  quantity  in  a  man  weighing  75  kilo- 
grams (165  pounds)  is  about  2.T5  kilograms  (6  pounds).        i 

Each  of  these  fats  when  heated  with  a  caustic  alkali,  in 
the  presence  of  water,  breaks  up  into  a  fatty  acid  {stearic, 
palmitic  or  oleic  as  the  case  may  be),  and  glycerin.  The 
fatty  acid  unites  with  the  alkali  present  to  form  a  soap. 

Carbohydrates.  These  also  contain  carbon,  hydrogen 
and  oxygen,  but  there  is  one  atom  of  oxygen  present  for 
every  two  of  hydrogen  in  the  molecule  of  each  of  them. 
Chemically  they  are  related  to  starch.  The  more  important 
of  them  found  in  the  Body  are  the  following: 

Glycogen  (C\1I,/.)J,  found  in  lar^re  quantities  in  the  liver, 
where  it  seems  to  be  a  reserve  of  material  answering  to  the 
starch  stored  up  by  many  plants.  It  exists  in  smaller  quanti- 
ties in  the  mosoles. 

Glucose,  or  grape-sugar  (C,lf„0,),  which  exists  in  the 
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Tif^r  in  small  quimtities;  also  in  the  blood  ami  fympli.  It  is 
Urgely  derived  from  glycogen,  which  is  very  readily  converted 
into  it.      "^ 

Laetose,  or  suffar  of  milk  (C,,JI„0,,  +  H,0),  fotnid  in 
considerable  qimiitity  in  milk, 

Jnosit  (C,H,^0^  +  '^H^O),  also  ^ulknl  7itusde  sinjar  and 
formerly  classed  in  this  group,  is  now  known  to  l>e  cliemi- 
eally  not  a  real  sugar  or  true  carbohydnite.  it  exists  in 
mascles,  liver,  spleen,  kidney*^,  etc. 

Organic  Non-Nitrogeuoiis  Acids.  Of  these  the  most  irn- 
portaut  i8  carbon  dioxide  (C(*J,  which  is  the  form  in  which 
by  far  the  greater  part  of  the  carbon  taken  into  the  Body 
ultimately  leaves  it.  United  with  calcium  it  is  fonnd  in  the 
bonei*  and  teeth  in  large  proportion. 

Formic^  acetic  and  but  if  r  it-  add^  are  also  found  in  the 
Body;  stearic,  palmitic,  and  oleic  have  been  above  mentioned 
aa  obtainaltle  from  fats.  Luc  He  acid  is  sometimes  fmind  iti 
the  stomach, and  when  milk  tnrnssour  is  formeti  from  lacto?ic. 
A  body  of  the  same  percentage  contposition,  CjH^O,  {sarco- 
lactic  acid),  is  formed  in  mnscles  when  tliey  work  or  die. 

Ghfcerin  phosp/iurie  tteid  (CJI,PO,)  is  obtained  on  the  de- 
composition of  ieeithin,Si,  complex  nitrogenous  fat  fonnd  in 
nervous  tissue. 

Inorganic  Constituents.  Of  the  simpler  substances  en- 
tering into  the  structure  of  the  Body  the  following  are  the 
most  important  : 

Wafer;  in  all  the  tissues?  in  greater  or  less  proportion  and 
forming  about  two  thirds  of  the  weiglit  of  the  whole  Body. 
A  man  weighing  75  kilos  (1G5  lbs.),  if  completely  dried 
would  therefore  lose  about  .:H>  kih>s  (1U>  lbs,)  fnnn  the  evapo- 
ration of  water.  Of  the  constituents  of  the  Body  the  enamel 
of  the  teeth  contains  least  water  (about  2  per  cent),  and  the 
^liva  most  (about  09,5  per  cent);  between  these  extremes 
'ire  all  intermediate  steps— bones  containing  about  TZ  percent, 
mosclee  75,  blood  79. 

Ca  m  m  o  n  ft  ft  It — Sodi  n  m  ch  lo  r  idi — ( Na  C 1 ) ;  f  on  n  d  i  n  al  1  t  h  e 
titties  and  liquids,  and  in  many  ciises  playing  an  important 
part  in  keeping  other  substances  in  solution  in  water. 

Potamsinm  chloride  (KCl) ;  in  the  bk>od,  muscles,  nerves      Y 
and  most  liquids.  NLuT" 

Calcium  phoftjfhftte  (Ca,2P0,);  in  the  bones  and  teeth  in  *  ^^"a 
large  quantity.     In  less  proportion  in  all  the  other  tissues.  ^'' 

W^JU  <l>vJv^-    AA^.   A-<^1a.^/vjU    (f^-UT'^/U^'  ^  <M^  1 
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Besides  the  above,  ammonium  chloride,  sodium  and  { 
sium  phosphates,  magnesium  phosphate,  sodium  sulp 
potassium  sulphate  and  calcium  Huoride  have  been  obt: 
from  the  Ixxly. 

Uncombined  hydrochloric  acid  (HCl)  is  found  ii 
gastric  juice. 


CHAPTER  II, 


THE  FUNDAMENTAL  PHYSIOLOGICAL  ACTIONS, 

The  Propertiea  of  the  Living  Body.  When  we  turn 
from  the  structure  and  composition  of  the  living  Body  to 
Consider  it^  powers  and  properties  we  meet  agniii  with  great 
Variety  and  complexity,  the  inosst  tiupuriieial  exauduation  he- 
iug  sufllcient  to  show  that  its  parts  are  endowed  with  very 
different  facnlties.  Light  falling  on  the  eye  arouses  in  us  a 
aensution  of  sight,  but  falling  on  the  -:kin  has  no  such  e0eet; 
pinching  the  skin  causes  pain,  but  pinching  a  hair  or  u  nail 
does  not;  when  the  ears  are  stopijed,  sounds  arouse  in  us  no 
■ensation;  we  readily  recognize,  too,  hard  parts  formed  for 
an pport.  joints  to  admit  of  movements,  apertures  to  receive 
food  and  others  to  get  rid  of  waste.  We  thus  perceive  that 
different  organs  of  our  Bodies  have  very  differcril  endow- 
ments and  serve  for  very  distinct  purposes;  and  iiere  also 
the  study  of  inter  rial  organs  show^s  us  that  the  varieties  of 
cfonlify  observed  on  the  exterior  are  but  slight  indications  of 
dilfertinces  of  property  which  j>ervade  the  whole,  being  some- 
times dejiendent  on  the  specific  characters  of  the  tissues  con- 
c?erned  and  sonietimeji  upon  the  nmnuer  in  which  these  are 
combined  to  fornt  various  organs.  Some  tissues  are  Bolid, 
rigiil  and  of  constant  sluipe,  as  those  composing  the  bones 
ind  teeth;  others,  as  the  muscles,  are  soft  and  capable  of 
changing  their  forms;  and  still  others  are  capable  of  working 
chcniieai  changes  by  wliirh  such  peculiar  fluids  us  the  bile 
»nd  the  saliva  are  produced.  We  find  elsewhere  a  number  of 
tissuee  combined  to  form  a  tube  adapted  to  receive  food  and 
csirry  it  through  the  Body  for  digestion,  and  again  similar 
tiflsues  differently  arranged  to  receive  the  air  which  we  breathe- 
in,  and  expel  it  after  abstracting  part  of  its  oxygen  and 
abiding  to  it  certain  other  things;  and  in  the  heart  and  blood- 
reaaela  we  find  almost  the  same  tissues  arranged  to  propel 
mod  carry  the  blood  over  the  w^hole  Body,     The  working  of 
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the  Body  offers  clearly  even  a  more  complex  snbject  of  studj 
than  iu  gtmcture. 

Physiological  Propertiea.  In  common  with  inanimate 
objecu  the  Body  possetises  many  merely  physical  properties, 
as  weight,  rigidity,  elasticity,  color,  and  so  on;  but  in  addi- 
tion to  these  we  find  in  it  while  alive  many  others  which  it 
ceaseii  to  manifest  at  death.  Of  these  perhaps  the  power  of 
executing  imrift^Ifrt^*  BioTements  and  of  maintaining  a  high 
bodily  temperature  are  the  most  marked.  As  long  as  the 
Body  is  alive  it  is  warm  and,  since  the  surrounding  air  is 
nearly  always  cooler,  must  be  losing  heat  all  day  long  to 
neighboring  objects;  nevertheless  we  are  at  the  end  of  the 
day  as  warm  as  at  the  beginning,  the  temperature  of  the 
Body  in  health  not  varying  much  from  37°  C.  (98.4°  F.),  so 
that  clearly  our  Bodies  must  be  making  heat  somehow  all 
the  time.  After  death  this  production  of  heat  ceases  and  the 
Body  cools  down  to  the  temperature  in  its  neighborhood ;  but 
so  closely  do  we  associate  with  it  the  idea  of  warmth  that 
the  sensation  experienced  on  touching  a  corpse  produces  so 
powerful  an  impression  as  commonly  to  be  described  as  icy 
cold.  The  other  great  characteristic  of  the  living  Body  is  its 
power  of  executing  movements;  so  long  as  life  lasts  it  is 
never  at  rest;  even  in  the  deepest  slumber  the  regular  breath- 
ing, the  tap  of  the  heart  against  the  chest-wall,  and  the  beat 
of  the  pulse  tell  us  that  we  are  watching  sleep  and  not  death. 
If  to  this  we  add  the  possession  of  consciousness  by  the  living 
Body,  whether  aroused  or  not  by  forces  immediately  acting 
upon  sense-organs,  we  might  describe  it  as  a  heat-producing, 
moving,  conscious  organism. 

The  production  of  heat  in  the  Body  needs  fuel  of  some 
kind  as  much  as  its  production  in  a  fire ;  and  every  time  we 
move  ourselves  or  external  objects  some  of  the  Body  is  used 
up  to  supply  the  necessary  working  power,  just  as  some  coals 
are  burnt  in  the  furnace  of  an  engine  for  every  bit  of  work  it 
does;  in  the  same  way  every  thought  that  arises  in  us  is  ac- 
companied with  the  destruction  of  some  part  of  the  Body. 
Hence  these  primary  actions  of  keeping  warm,  moving,  and 
being  conscious,  necessitate  many  others  for  the  supply  of 
new  materials  to  the  tissues  concerned  and  for  the  removal  of 
their  wastes;  still  others  are  necessary  to  regulate  the  pro- 
duction and  loss  of  heat  in  accordance  with  changes  irt  the 
exterior  temperature,  to  bring  the  moving  tissues  into  rela- 
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^ion  with  the  thinking,  and  so  on.     By  siieh  eubsidiary  ar- 
*~^ijgement8  the  working  of  the  wltole  Body  becomes  bo  com- 
'^lex  that  it  woidd  111!  mriny  p»ges  merely  to  enumerate  wliat 
i.5  known  of  the  duties  of  its  various  parts.     However,  all  the 
proper  pbysiologieal  |iroperties  depend  in  ultimate  an  id  y  sis 
«ii  H  smttU   nuud)er  of  faculties  which  are  possessed  by  all 
liring  things,  their  great  variety  in  the  bnman  Body  depend- 
ing  upon  special  development  and  conibiniitioTi  in  different 
tissues  and  organs;  and  before  attempting  to  study  them  in 
their  most  complex  forms  it  i«  iidvantageons  to 
ei&tuine  them  in  their  simplest  and  most  gen- 
eralized manifestations,  as  exhibited  by  some  of 
the  lowest  living  things  or  by  the  simplest  con- 
stituents of  unr  own  Bodies. 

Cells.  Among  the  anatomical  elements 
»hioh  the  histologist  meets  with  as  entering  into 
tbe  com|>oi»ition  of  the  human  Body  are  mitnite 
granular  mjwses  of  a  soft  consistence*  about 
0.012  millimeter  (ff^Vir  *^^  ^^  inch)  in  diameter 
(Pig.  5,  h).  Imbedded  in  each  lies  a  central 
IK>rtioiu  not  so  granular  and  therefore  liilTerent 
in  appearance  from  the  rest.  These  anatomical 
units  are  known  as  cells,  tbe  granular  substunce 
being  the  reU-lmly  and  the  inifjcdded  clearer  por- 
tion the  €vU*ui*ch*u,^,  Inside  the  nucleus  may 
often  be  distingnished  a  still  smaller  body — the  Jincholus^ 
Cells  of  tliis  kind  exist  in  abundance  in  tbe  blood,  where  they 
Jire  known  as  the  while  blond -corpuscles,  and  each  exhibits  of 
itself  certain  properties  w^hieh  are  distinctive  of  all  living 
things  as  compared  with  iuanimute  objects. 

Cell  Growth.     In  the  first  place,  each  such  cell  can  take 
materials  from  its  outside  and  build  them  up  into  its  own 
jlmr  substance;  and  this  dtK*8  not  occur  by  the  dcjmsit  of 
new  layers  of  material  like  '\t^  own  on  tbe  surface  of  tbe  cell 
(as  a  crystal  might  increase  in  an  evaporating  solution  of  the 
nme  »aU),  but  in  an  entirely  different  way.    The  cell  takes 
op  chemical  elements,  either  free  or  combined  in  a  nnxnner 
lilffefent  from  that  in  which  tliey  exist  in  its  own  living  snb- 
and  works  chemicjil  charjges  in  tijem  by  which  they 
afa  made  into  part  anci  parcel  of  itselL     Moreover,  the  new 
material  thus  formed  is  not  deposited,  at  any  rate  necessarily 


FfO.  5,— FoniMi 
of  cells  rrom  the 
Body. 
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substance  of  the  already  existing  cell  among  its  constituent 
molecules.  The  new-formed  molecules  therefore  contribute 
to  the  growth  of  the  cell  not  by  superficial  accretion,  but  by^ 
interstitial  deposit  or  iHiwtsusception. 

Cell  Diyiaioii.  The  increase  of  size,  which  may  be  brought 
about  in  the  aboye  manner,  is  not  indefinite,  but  is  limited  ia 
two  ways.  Alongside  of  the  formation  and  deposit  of  new- 
material  there  occurs  always  in  the  living  cell  a  breaking* 
down  and  elimination  of  the  old;  and  when  this  process 

Flo.  6.— Diftfn'mins  flhirtraHng  direct  cell  divMon.    a,  cell,  bodj:  6.  nudem; 
c,  uucitrolus. 

equals  the  accumulation  of  new  material,  as  it  does  in  all  the 
cells  of  the  Body  when  they  attain  a  certain  size,  growth 
of  course  ceases.  In  fact  the  work  of  the  cell  increases 
as  its  mass,  and  therefore  as  the  cube  of  its  diameter; 
while  the  receptive  powers,  dependent  primarily  upon  the 
superficial  area,  only  increase  as  the  square  of  the  diameter. 
The  breaking  down  in  the  cell  increases  when  its  work 
does,  and  so  comes  at  last  to  equal  the  reception  and  con- 
struction. The  second  limitation  to  indefinite  growth  is 
connected  with  the  power  of  the  cell  to  give  rise  to  new  cells 
by  division. 

Until  recently  it  was  believed  that  cell  division  was  in  all 
cases  a  comparatively  simple  process  (Fig.  6).  It  was  thought 
that  the  nucleus,  without  any  imj>ortant  structural  change, 
enlarged  somewhat,  became  elongated,  and  then  divided  by 
simple  constriction  into  two  equal  parts,  forming  two  smaller 
daughter  nuclei;  and  that  the  rest  of  the  cell  then  divided, 
its  halves  arranging  themselves  around  the  new  nuclei.  The 
nucleolus  when  present  was  supposed  to  divide  before  the 
nucleus.  Such  a  mode  of  cell  multiplication  is  known  as 
direct  division :  it  possibly  occurs  in  some  cases,  but  in  the 
great  majority  of  cells  division  is  preceded  by  marked  changes 
in  the  structure  of  the  nucleus  and  by  a  rearrangement  of  its 
material:  such  cell  division  is  named  indirect,  and  the  attend- 
ant nuclear  changes  are  known  as  the  phenomena  of  karyoki- 
nesis  or  mitosi" 
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Division. 

iadirect  cell  divi- 


Indirect,  Karyokinetie  or  Mitotic 
aitU*iiiptitig  to  describe  the  plienomt^ti 
€ionfi  it  is  necessary  to  give  some 
aeeaont  of  the  strnetDre  of  a  typical 
prituitive  cell  as  made  out  in  speei- 
mensi  carefully  prepared  aod  studied 
with  the  highest  powers  of  the 
microecope.  The  nmiii  bulk  of  the 
cell,  surrounding  the  nucleus,  is  the  ^ 
ttU'hodif,  and  in  some  cases  is  en- 
closed  in  an  envelope  or  sav,  which, 
hoirever,  when  nreaent,  pluvs  but  a  fi'^-T.-riiiifrmm of nn animal 
«ec<^indary  or  passive  part  in  cell  divi-  lum;*-,  iin*'ifi»».  «Hmibtfjgethrr 
«on.     "be  celI-lK>dy,  known  also  as 

the  rell-profophsm  (Fig.  7),  t*<>iisistsof  a  network  of  extremely 
fine  threads,  the  relicuJutn  qv  spongioplamfi Mm  meshes  of  which 
occupied  by  a  dilTerent  substance,  the  hijalopjasm  :  the 
portions  of  hyaloplustn  and  spougioplasm  vary  in  ditferent 
cells  and  often  in  different  parts  of  the  same  cell;  in  fact  a 
layer  of  hyaloplasm  unmixed  witli  8pougioplasm  frerpicntly 
existg  on  the  exterior  of  the  coll,  and  the  hyaloplasm  appeari 
to  be  the  more  immediately  concerned  in  the  activities  of  the 
living  celL  In  addition  there  is  to  be  found,  imbedded  in  the 
cell-hody  and  near  the  nurlens  ur  Httuched  to  it>  an  extremely 
minute  particle,  tlie  atlrarlion-purfirh  or  eentromme,  near 

whiclj  a  radial  arrangement  of  the 
eel l^sttbR tarn:' e  may  often  be  ob- 
served. 

Tije  nucleus  (Fig.  8)  of  a 
resting  cell,  tliat  is  of  a  cell  not 
in  process  of  division,  consists  of 
an  amoriihous  material  {natdm^ 
phfsm)  which  is  perhaps  similar 
in  composition  to  tiie  hyaloplasm, 
and  a  fdarnentous  material,  dif- 
ferent from  e{feMifH»fi4usm,  and 
named    vktfmmfthfsm    or    karyo- 

«  pro^l^uSr^fltZirt:^  /'^"-^'^^^    A«  P^o^'^l  ^y  «t«  ^^eha^ior 
«DTi«ur<- of  which  is  Dot  indicaira.   ^^^b    staining    tluidF    and    other 

reagents  karyoplasm   is  cjuite  diiTcrcnt  cbeuMcally  from  the 

•pongioplaam  of  the  cell-body.     One  or  more  granules  iiut- 

cleoii)  which  may  he  found  within  most  nuclei  are  probftbiy 


Fro.  S,— prnifrmm  of  r  r^stinir 
nuclC'U*-    f*,  nuctf*ar  iiiprnfarAiit*;  f*^ 
It;  CL  nuclwnliw;  rf.  chro- 
» of  the  mirroun^- 
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local  4|^2mm)]j|yon8  of  ullWWIWHiiuinu ;  a  nienibmue  (nuclear 
MiPMAi  mtu)  which  snrrniutfls  the  nucleus  of  cells  not  in  process 
of  division  is  also  probuhly  cumposed  of  chroniopIaSni, 

The  first  observed  step  iti  cell  division  is  binary  division  of 
the  iiUPigliwt  fUMrticle :  its  hulves  evolve  a  set  of  very  fine 
mk0mH0ti9$fUttfHeniis  uuitiug  them,  ^o  that  each  half  is  one  of 
the  poleB  of  a  spiiulle*&hai>ed  eolleetioii  of  tibreSi  the  nuchmr 
$ffiMh.  Meat; while  the  ntieleolus  and  nuclear  membrane 
disappear,  being  probably  taken  up  into  the  rest  of  the  chro- 
moplasui,  which  now,  instead  of  its  original  reticular  arrange- 


"^^ 


—^ 


Ttn.  ^  -l>Utfrti»*)«  uf  a  iiin-leiH  in  iiri  (^arly  RtAKv  of  kifccyoklne^is,  A  «bowing  the 
polar,  R  ih*-  aiirr|HilHr  ii'»Ki«iii:  tt^  nitei«iror  ucbromathi  suinillc^;  It,  tMirtof  gt*tienil 
f<*ll  protoplasm  Hiuuiul  iUtt  iiUi-LrUiw;  c,  looped  cliruiiiatic  Dlamt^nc;  a,  nucleoplAsin. 

ment,  takes  tlie  form  of  a  single  long  chromatic  fihttneni 
coiled  in  the  nucleoplasm.  At  one  portion  of  the  nucleus 
{pok)  the  loops  of  the  cliromatic  filament  leave  a  space  free 
from  them  (Fig.  0,  J),  and  in  the  neigh l>orhood  of  this  space 
tile  nuclear  Rpiudle  is  firs^t  set^n  wil-hin  tlie  nucleus.  At  the 
opposite  sidt*  uf  the  nucleus  or  ttHiipnh'  (Fig.  9,  B)  the  loops 
of  the  chromatic  filament  leave  no  clear  space,  but  cross  ir- 
re^ilarly.  In  the  next  stage  the  loops  at  the  antipolar  end 
break  through,  and  in  tliis  way  the  fihvment  is  ilivided  into  a 
number  of  irregnhir  elongated  Vs.  each  with  its  closed  angle 
near  the  pole  ami  its  oppn  end  near  the  antipole.  The  spindle 
meanwhile  passes  to  the  centre  of  the  nucleus  and  takes  a  posi- 
tion in  which  its  long  axis  coincides  with  that  joining  pole  and 
antipole,  and  then  the  VTof  chromoplafim  become  gJioxter  and 
their  liml>s  tWclr^r,  and  they  also  shift  position  so  as  to  group 
themselves  radially  around  the  equator  of  the  spindle  (A^  Fig. 
10)  with  their  angles  directed  eentrally.  Each  V  then  di- 
vides along  ita  whole  length,  and  one  half  passes  towards  the 


pole,  the  other  towards  the  antipole.  The  whole  nucleus 
iilougated  in  the  tHrectiou  of  thy  lung  axis  of  the  spindle;  the 
iin  filameDts  di8«p|i©ttr,  and  llit*  nuclous  dividing  in 


__^  Fto,  TH  — Dinirramn  represent (n|?  morp  advanced  Bta«v«of  knryi'k1ii«'ftr!)thAn  tbose 
flkutr^*!  <     4t,  f>iiliir,  tin*}  **,  UTt'ipolar  t-iid  of  inirli^ui  »4pindh';  h  t^nel  r,  pop- 

tJtM3!««>'  i;itic  flliimt^iit;  W.  ritacli'fTpbisiti;  f,  tf^jl  ^H^ktuiihmin  xvKli  hMlicaiiOEra 

uf  »  r  t  -  nj#*nt  in  Ihi^  tifiirhliorhiKu!  of  (b**  ikjI**  arifl  JMilii^ole. 

ii.Jle  l^ttt^^ii  to  hrivt'  Ifrif^Clieiii^tl  anti  Xin^mnf  piftcwl  In  the  t'#?ntro 
1^"  fMi\t*  AMrl  ndiiTM'li*  of  whichi  hs  t-ntU  r^e-aHj,     In  A  the  Vs  which 
n  ^ioii*i  of  ih(*  chroiimtir  fl]uiiient  al  its  anf Ipolar  hxjfK  art*  fieeu  to 

huv#-  i«,i.r»i*'  iiuK-h  ♦.hnrt4:T  nnil  thicker  flirnl  fo  hnv**  chftrij^fd  p'^Uion.  ro  thai  In* 
•rr-4*!  '"f  l>in*f  If^nicthw  j^»  in  rhe  nnrifiiw,  with  ihfirpoiiitH  roWHrd«  tlit^  pfule,  Ihey  lie 
pqunlMriiilly,  wUli  rhHr  pnlntH  towanii*  rhn  Hpinrlle  am]  Thi*Erft|ien  ii»ni1i*  lowaids  tbo 
pNertT^hiTv  of  I  he  niirleiiK.  For  tht-  swiki*  of  cl«^rnesf<  only  ivrn  tir*-.  nepr«*ent»tJ  out 
of  thf  set  of  fh*»fn  whii^h  inrnMitnlft  the  spinfllie;  ft  jx  ^till  iinclef* ;  c  hw-H  Tiiif*ttrly  com- 
nl*«*f i-^l  (tj»  tonifitiidinal  division  int*)  two  Vh,  the  anirle  of  oue  of  whtoh  jh  comrnVnclDic 
lo  travel  towards  the  pole  and  of  the  other  towftrtiH  thf»  untlpole.  In  /?  the  npllitiag 
«f  ttie  Vs  Jind  lh«*  progress  of  their  halves  towards  ihe  enda  of  the  nueleiis  is  more 


the  equrttorial  phine,  two  nuek'i  are  for?ned,euch  with  niicleo- 
plasm  and  ehroniophism :  the  elimmoidasrn  of  each  h  derivedj 
lis  follows  from  the  preceding descripMon,  from  both  pohirand 
antt]>olar  regiojis  of  the  parent  nucleufi.  'Llie  chromophii^m  in 
each  daughter  nucleus  luiites  into  a  single  convoluted  chro- 
nmtie  filament  like  thiit  represented  for  the  parent  nutdeusin 
Fig.  n,  and  this  tlliirtu'iit  lirenks  up  iind  hei'omes  arnuiged 
into  retirnliinr,  nucleolus  and  nueleur  uienihrane  as^  in  ihe 
resting  cell  (Figs.  7  and  8).  Aromtd  tlic  new  nuclei  the  cell- 
protofdasm  rearranges  itself  and  divides  to  form  a  new  cell-body 
enveloping  each;  during  its  rearrHugi^meut  its  nniterial  fre- 
fpiently  presents  a  radial  structure,  the  radii  converging  to- 
wanis  the  ends  of  the  nuclear  spitidle.  The  poles  of  the  nuclear 
epin<]lc,  which  it  will  l>€  remeuihered  represent  the  halves  of 
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the  origiual  oonlroeome,  probably  pass  out  of  the  new  nuclei 
and  become  the  attraction  particles  of  the  new  cells. 

The  phenomena  of  kar\  okinesis  show  clearly  that  in  spite  of 
its  small  size  the  animal  cell  is  a  complicated  structure,  made 
up  of  very  distinct  parts  possessing  very  distinct  properties 
and  no  doubt  very  different  functions. 

Assimilation;  Reproduction.  The  two  powers,  that  of 
working  up  into  their  own  substance  materials  derived  from 
outside,  known  as  assimilation,  and  that  of,  in  one  way  or  an- 
other, giving  rise  to  new  beings  like  themselves,  known  as  re- 
product  ion,  are  possessed  by  all  kinds  of  living  beings,  whether 
animals  or  plants.  There  is,  however,  this  important  differ- 
ence between  the  two:  the  power  of  assimilation  is  necessary 
for  the  maintenance  of  each  individual  cell,  plant  or  animal, 
since  the  already  existing  living  material  is  constantly  break- 
ing down  and  being  removed  as  long  as  life  lasts,  and  the  loss 
must  be  made  good  if  any  of  them  is  to  continue  its  existence. 
The  power  of  reproduction,  on  the  other  hand,  is  necessary 
only  for  the  continuance  of  the  kind  or  race,  and  need  be,  and 
often  is, possessed  only  by  some  of  the  individuals  composing  it. 
Working  bees,  for  example,  cannot  reproduce  their  kind,  that 
duty  being  left  to  the  queen-bee  and  the  drones  of  each  hive. 

The  breaking  down  of  already  existing  chemical  compounds 
into  simpler  ones,  sometimes  called  dissiniHation/x^  as  inva- 
riable in  living  beings  as  the  building  up  of  new  complex  mole- 
cules referred  to  above.  It  is  jissociatt^d  with  the  assumption 
of  uncombined  oxygen  from  the  exterior,  which  is  then  com- 
bined directly  or  indirectly  w;ith  other  elements  in  the  cell,  as, 
for  example,  carbon,  giving  rise  to  carbon  dioxide,  or  hydro- 
gen, producing  water.  In  this  way  the  molecule  in  which  the 
carbon  and  hydrogen  previously  existed  is  broken  down  and 
at  the  same  time  energy  is  liberated,  which  in  all  cases  seems 
to  take  in  part  the  form  of  heat  just  as  when  coal  is  burnt  in 
a  fire,  but  may  be  used  in  part  for  otlier  purposes,  such  as  pro- 
ducing movements.  The  carbon  dioxide  is  usually  got  rid 
of  by  the  same  meclianism  as  that  wliich  serves  to  take  up  the 
oxygen,  and  these  two  processes  constitute  the  function  of 
respiration  which  occurs  in  all  living  things.  Assinnlation 
and  dissimilation,  going  on  side  by  side  and  being  to  a  certain 
extent  correlative,  are  often  spoken  of  together  as  the  process 
of  nutrition  :  the  assimilative  or  chemically  constructive  pro- 
cesses are  also  named  analwlic,  and  the  dissimilative  katabolic* 
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Contractility.     Xotrition  aial  (with  the  ahove-meiitioned 
ial  exception)  reproduction  characterize  all  living  creat* 
tr*:e;  and  both  faculties  are  possessed  by  tiie  simple  nucleated 
i^lla  already   referred   to  Ji8  fouud  in  our  blood,     Hut  tliese 
fcUs  possess  abu  certain  other  properties  which,  uUhoiigh  not 
IK}  absolutely  diagnostic,  are  yet  very  chnntcteristic  of  living 
things.     Examined   carefnlly  with  a  microscope  in  a  fresh- 
drawn  droj>  of  blood,  they  exhibit  changes  of  form  independent 
of  any  pressure  which  might  distort  them  or  otherwise  mechani- 
cally alter  their  shape.     These  changes  may  sometimes  show 
tbptnselves  as  constrictions  ultimately  leading  to  the  division 
of  the  cell  ;  hut  juore  commonly  |Fig«  ir»*)  they  have  no  such 
resnit,  the  cell  simply  altering  its  form  by  dm  wing  in  its  sub- 
etunce  at  oue   point  and   thrusting  it  out  at  another.     The 
portion  thus  protruded  may  in  turn  be  drawn  iu  and  a  pro- 
cea8  be  thrown  out  elscM'here  :  or  tlie  resist  of  the  cell  nmy  col- 
lect around  it,  and  a  fresli  protrusion  be  then  made  on  the 
Bante  side  ;  and  by  repeating  this  manonivre  these  cells  may 
change  their  place  and  creep  across  the  tleld  of  the  micro- 
scope.    Such  changes  of  form  froiii  their  close  resembhmce  to 
thoae  exhibited    by   the   ndcroscopic   auimal    known  as  the 
Am€pba  (see  Zoology)  are  called  (tm(ebt>ifl\  and  the  faculty  in 
the  living  cell  upon  which  they  depend  is  known  in  physiol- 
ogy as  mntrarfijity.     It  must  be  borne  in  mind  that  physiol- 
ogical contractility  in  this  sense  is  i|uite  diiTerent  from  the 
io-called    contractility   of  a    stretched    india-rubber    band, 
whicli   merely   tends   to  reassume  a  form  from  which  it  has 
previously  lx*en  forcihly  removed. 

Irritability.  Another  property  exliibited  by  these  blood- 
oells  is  known  as  irriftthiii/i/.  An  Amceba  coming  into  con- 
tact with  a  solid  particle  calculated  to  serve  it  as  food  will 
^^ttrow  aroond  it  processes  of  its  substance,  and  gradually 
^Kury  the  foreign  mass  into  its  own  body.  The  amount  of 
energy  expended  l*y  the  animal  under  these  cireumstancas  is 
altogether  disproportionate  to  the  force  of  the  external  contact. 
It  18  not  that  the  swallowed  rii^ss  |Hishes  in  mechanically  the 
inrface  of  the  Aimx^biu  or  burrows  into  it,  but  the  mere  touch 
arauaes  in  the  aninml  an  activity  quite  disproportionate  to  the 
exciting  force,  and  comparable  to  that  set  free  by  a  spark 
falling  into  gunpowder  or  by  a  sliglit  tap  on  a  piece  of  gun- 
cotton.  It  is  this  disproportion  between  the  excitant  (known 
'  *  F.  48.  ^ 
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in  Physiology  as  a  stimulus)  and  the  result,  which  is  the  es- 
sential characteristic  of  irritability  when  the  term  is  used  ia 
a  physiological  connection.  The  granular  cells  of  the  blood 
can  take  foreign  matters  into  themselves  in  exactly  the  same 
manner  as  an  Amceba  does;  and  in  this  and  in  other  ways,  as 
by  contracting  into  rigid  spheres  under  the  influence  of  elec- 
trical shocks,  they  show  that  they  also  are  endowed  with  irri- 
tability. 

Conductivity.  Further,  when  an  Ama?ba  or  one  of  these 
blood-cells  comes  into  contact  with  a  foreign  body  and  pro- 
ceeds to  draw  it  into  its  own  substance,  the  activity  excited 
is  not  merely  displayed  by  the  parts  actually  touched.  Dis- 
tant parts  of  the  cell  also  co-operate,  so  that  the  influence  of 
the  stimulus  is  not  local  only,  but  in  consequence  of  it  a  change 
is  brought  about  in  other  parts,  arousing  them.  This  prop- 
erty of  transmitting  disturbances  is  known  as  conductivity. 

Finally,  the  movements  excited  are  not,  as  a  rule,  random. 
They  are  not  irregular  convulsions,  but  are  adapted  to  attain 
a  certain  end,  being  so  combined  as  to  bring  the  external  par- 
ticle into  the  interior  of  the  cell.  This  capacity  of  all  the 
parts  to  work  together  in  definite  strength  and  sequence  to 
fulfil  some  purpose,  is  known  as  co-ordination. 

These  Properties  Characteristic  but  not  Diagnostic. 
These  four  faculties,  irritability,  conductivity,  contractility 
and  co-ordination,  are  possessed  in  a  high  degree  by  our 
Bodies  as  a  whole.  If  the  inside  of  the  nose  be  tickled  with 
a  feather,  a  sneeze  will  result.  Here  the  feather-touch  {stiin- 
nlus)  has  called  forth  movements  which  are  mechanically 
altogether  disproportionate  to  the  energy  of  the  contact,  so 
that  the  living  Body  is  clearly  irritable.  The  movements, 
which  are  themselves  a  manifestation  of  contractltUy,  are  not 
exhibited  at  the  point  touched,  but  at  more  or  less  distant 
parts,  among  which  those  of  alnlomen,  chest  and  face  are 
visible  from  the  exterior  ;  our  Bodies  therefore  possess  ;?Ay«fo- 
logical  conductivity.  And  finally  these  movements  are  not 
random,  but  combined  so  as  to  produce  a  violent  current  of 
air  through  the  nose  tending  to  remove  the  irritating  object; 
and  in  this  we  have  a  manifestation  of  co-ordination.  Speak- 
ing broadly,  these  properties  are  more  manifest  in  animals 
than  in  plants,  though  they  are  by  no  means  absolutely  con- 
fined to  the  former.  In  the  sensitive  plant  touching  one  leaflet 
will  excite  regular  movements  of  the  whole  leaf,  and  many  of 


THE  FUNDAMENTAL  PHYSIOLOGICAL  ACTIONS,     25 

the  lower  aquiitic  plaots  exhibit  movements  as  active  m  those 
of  aDimals.  Ou  the  other  Imiid,  no  one  of  these  four  facultiee 
i«  abtiohttely  distinctive  of  Jiving  things  in  the  way  that  fpifffth 
iffjiMUujtiiU4f(.4ipiion  and  reprminciwn  are*  Xtxit^Uity  is  hut 
i  name  for  nn&table  molt^eular  er|uilibrium,  and  is  as  marked 
iu  nitroglycerin  aa  in  any  living  cells;  in  the  telephone  the 
inOtieDce  of  the  voice  is  jsfluducted  as  a  molecular  change 
along  a  wire,  and  produces  results  at  a  distance;  and  many 
tnunirnate  machines  atTord  examples  of  the  oo-ordination  of 
moveinenis  for  the  attainment  of  definite  ends. 

Spontaneity,  There  is,  however,  one  character  belonj^ing 
to  many  of  the  movements  exhibited  l>y  annrboid  cells,  in 
which  they  appear  at  first  sight  to  dilfer  fundanienially  from 
the  muvemenls  of  inaninjate  objects.  This  flniraeter  is  their 
apjiarent  spmtiaueUff  or  tiHiomatirittf,  The  cells  fre^^iiently 
change  their  form  independently  of  any  reeogniziible  external 
i*au^,  while  a  dead  mass  at  rest  and  unacted  on  from  outside 
remains  at  rest.  This  ditlerence  is,  however,  only  apparent 
and  depends  not  upon  any  faculty  of  spontaneous  action  \\e- 
enliar  to  the  living  cell,  but  upon  its  nutritive  jiowers.  It 
can  he  proved  that  any  system  of  material  particles  in  eipii- 
Ubrium  and  at  rest  will  forever  remain  so  if  not  acted  upon 
by  an  external  force.  8itch  a  system  can  'arry  on,  under  cer- 
tain conditions,  a  series  of  changes  when  once  a  start  has 
been  given;  but  it  cannot  iniiiate  them.  Eat^h  living  cell 
in  the  long-run  is  but  a  conij>Iex  aggregate  of  molecules, 
llllKnposetl  in  their  turn  of  chemical  elements,  and  if  we  sup- 
pose this  whole  set  of  atoms  at  rest  in  erjuilibrium  at  any 
moment,  no  change  can  he  started  in  the  cell  from  inside;  in 
other  words,  it  will  possess  no  real  spontaneity.  When,  how- 
drer,  we  consider  the  irritability  of  anueboid  cells,  or,  ex- 
preaied  in  mechanical  terms,  the  unstable  equilibrium  of  their 
particles,  it  becomes  obvious  that  a  very  slight  external  cause, 
mich  as  may  entirely  elude  our  obscrvatiou,  may  serve  to  set 
going  in  them  a  very  marked  series  of  changes,  just  as  pressing 
the  trigger  will  fire  off  a  gun.  Once  theefpiilibrium  of  the  cell 
hm  been  disturbed,  movements  either  i\i  some  of  its  constitu- 
ent molecules  or  of  its  whole  mass  will  continue  until  all  the 
molecules  have  again  settled  down  into  a  stable  state.  But 
tn  living  cells  the  reattainment  of  this  state  is  commonly  in- 
^i^finitely  postponed  by  the  reception  of  new  particles,  food 
in  one  form  or  another,  from  the  exterior.     The  nearest  a|»- 
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proach  to  it  is  probably  exhibited  by  the  resting  state  into 
which  some  of  the  lower  animals,  as  the  wheel-animalcules, 
pass  when  dried  slowly  at  a  low  temperature;  the  drying  act- 
ing by  checking  the  nutritive  processes,  which  would  other- 
wise have  prevented  the  reattainment  of  molecular  equilib- 
rium. All  signs  of  movement  or  other  change  disappear 
under  these  circumstances,  but  as  soon  as  water  again  soaks 
into  their  substance  and  disturbs  the  existing  condition,  then 
the  so-called  "spontaneous"  movements  recommence.  If, 
therefore,  we  use  the  term  spontaneity  to  express  a  power  in 
a  resting  system  of  particles  of  initiating  changes  in  itself,  it 
is  possessed  neither  by  living  nor  not-living  things.  But  if 
we  simply  employ  it  to  designate  changes  whose  primary 
cause  we  do  not  recognize,  and  whose  cause  W2is  in  many 
cases  long  antecedent  to  the  changes  which  we  see,  then  the 
term  is  unobjectionable  and  convenient,  as  it  serves  to  ex- 
press briefly  a  phenomenon  presented  by  many  living  things 
and  finding  its  highest  manifestation  in  many  human  actions. 
It  then,  however,  no  longer  designates  a  proi>erty  peculiar  to 
them.  A  steam-engine  with  its  furnace  lighted  and  water  in 
its  boiler  may  be  set  in  motion  by  opening  a  valve,  and  the 
movements  thus  started  will  continue  spontaneously,  in  the 
above  sense,  until  the  coals  or  water  are  used  up.  The  differ- 
ence between  it  and  the  living  coll  lies  not  in  any  spontaneity 
of  the  latter,  but  in  its  nutritive  powers,  \^hich  enable  it  to 
replace  continually  what  answers  to  the  coals  and  water  of 
the  engine. 

Protoplasm.  The  cell-body  was  formerly  regarded  as  es- 
sentially made  up  of  a  single  substance,  which  was  named 
fm^lj^fism  :  and  now  that  its  structure  is  known  to  be  com- 
plex the  term  is  retained  as  a  convenient  one  for  that  mixture 
of  spongioplasm  and  hyaloplasm  which  constitutes  the  main 
bulk  of  the  bodies  of  most  cells.  With  the  protoplasm  other 
things  are  frequently  present,  the  most  important  of  which 
are  either  materials  undergoing  anabolic  changes  but  not  yet 
completely  built  up  into  protoplasm,  or  kataboHo  materials 
resulting  from  the  chemical  degradation  of  protoplasm  : 
these  secondary  matters,  mingled  witli  the  completed  proto- 
plasm, are  conveniently  spoken  of  as  the  cell  deuiojkkism  or 
paraplcism.  As  between  the  spongioplasm  and  hyaloplasm 
there  are  still  some  differences  of  opinion  as  to  which  is  the 
more  immediate  agent  in  the  manifestation  of  the  vital  aotiv- 
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Hies  of  the  cell.  So  far  as  the  matiifestatioti  of  the  power  of 
Dteiipgiiit  is  conceded  the  evidence  seems  in  favor  of  the 
hyaloplasm:  the  outermost  purls  of  a  white  blood -corpusclej 
foF  example,  exhibit  active  contractile  power,  yet  they  con- 
tain no  spongioplastie  tilainents;  and  many  unicellular  living 
things  are  known  in  which  no  reticular  structure  can  be  dis- 
covered and  which  n evert licless  nourish  themselves  and  are 
reproductive,  irritable,  contnictile,  conductive,  coordinative 
ind  aatomatic.  It  is  therefore  possible  that  the  filaments 
when  present  are  to  be  regarded  as  secondary  in  importance 
to  the  hyaloplasm,  partly  Berving  aa  a  median ical  support; 
but  in  addition  they  may  phiy  an  important  part  in  the  inter- 
nal economy  of  the  cell*  The  study  of  the  physiology  of  in- 
dividual cells  presents  very  great  difliculties  and  is  yet  in  its 
beginnings,  so  that  we  can  do  little  more  than  speak  of  the 
properties  of  the  cell  as  a  wlioh%  though  from  the  frequent 
radial  arrangement  of  the  cell-protoplas^m  in  its  neighborhood 
and  from  the  part  it  plays  in  the  initiation  of  cell  division, 
the  attraction -particle  api)ear8  to  have  a  very  important  role. 

Of  the  actual  chemical  composition  of  living  matter  we 
know  only  that  its  molecule  is  one  of  great  complexity:  all 
itietbods  of  chemical  analysis  break  it  up  and  alter  it  fnnda- 
Tuentally,  so  that  what  is  really  analyzed  is  not  living  matter 
but  a  mixture  of  the  products  of  its  decomposition,  among 
which  proteid  eubstanees  are  always  prominenL 

Cell  protoplasm  no  doubt  varies  a  little  in  different  cells, 
«o  that  the  name  is  to  he  regarded  as  a  general  term  designat- 
ing a  number  of  closely-allied  substances  agreeing  with  one 
anofher  chemically  in  main  points,  m  the  proteids  do,  but 
differing  in  minor  details,  in  consecjMence  of  w^hich  one  cell 
differs  from  another  in  faculty.  On  proximate  analysis  every 
niafifl  of  piafeoplasm  i^  found  to  couiain  much  water  and  a 
certain  amount  of  mineral  salts;  the  water  being  in  part  con- 
stitueni  or  entering  into  the  structure  of  the  particles  of  pro- 
toplasm, and  in  part  probably  deposited  in  layers  between 
them.  Of  organic  corKstituents  protoplasm  always  yields  one 
or  more  proteids,  some  fats,  ai^d  some  starchy  or  iscrhairine 
body.  So  that  the  original  protophism  is  probably  to  be  re- 
garded ag  containing  chemiciil  *- resiilues ''  of  proteids,  fate  I 
an  J  carbohydrates,  combineil  with  salts  and  water. 

The  name  nuclein  has  been  given  to  a  substance  or  mix* 
ture  of  substances  which  are  left  behind  when  the  cell-proto- 
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plasm  has  been  dissolved  away  by  various  reagents:  it  con- 
tains a  considerable  quantity  of  phosphorus.  In  the  living 
nucleus  nuclei n  seems  to  be  combined  with  various  proteids 
to  form  nuclety-albumins. 

The  Fundamental  Physiological  Properties.  All  living 
animals  possess  in  greater  or  less  degree  the  pro})erties  con- 
sidered in  this  chapter;  and  since  the  science  of  physiology 
is  virtually  concerned  with  considering  how  these  properties 
are  acquired,  maintained  and  manifested,  and  for  what  ends 
they  are  employed,  we  may  call  them  the  fundamental  pftysu 
ological  properties. 


DeyelopmeDt.  Every  Human  Body  commences  its  indi- 
vidual existence  m  a  single  iiocleated  cell.  This  cell,  koown 
us  the  Qvum^  divides  or  segments  and  gives  rise  to  a  mass  con- 
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listing  of  s  nnmber  of  similar  units  and  called  the  mulberry 
mttMS  or  the  mortda.  At  this  stao:e,  long  before  birlli,  there 
ire  no  distifigutAhable  tissues  entering  into  tlie  structure  of 
the  Body,  nor  are  any  organs  recognizable. 

For  a  short  time  the  morula  increases  in  size  by  the 
growth  and  division  of  its  culls,  but  very  soon  new  processes 
occur  which  ultimately  give  rise  to  the  complex  adult  Ijody 
with  its  many  tissues  and  organs.  Groups  of  cells  ceasing  to 
grow  and  mnUi}>ly  like  their  parents!  begin  to  grow  in  ways 
invliar  to  themselves,  and  so  come  to  differ  both  from  the 
original  cells  of  the  morula  and  from  the  cells  of  other  groupa, 
and  thiii  unlikeness  becoming  more  and  more  marked,  a 
Taried  whole  is  finally  built  np  from  one  originally  alike  in 
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all  its  parte.  Peculiar  growth  of  this  kind,  forming  a  com- 
plex  from  a  simple  whole,  is  called  development;  and  the  pro- 
cess itself  in  this  case  is  known  as  the  differentiation  of  the 
tissues,  since  by  it  they  are,  so  to  speak,  separated  or  special- 
ized from  the  general  mass  of  mother-cells  forming  the 
morula. 

As  the  cRfferences  in  the  form  and  structure  of  the  con- 
stituent cells  of  the  morula  become  marked,  diff^renceB  in 
prupeity  arise,  and  it  becomes  obvious  that  the  whole  cell- 
aggregate  is  not  destined  to  give  rise  to  a  collection  of  inde- 
pendent living  things,  but  to  form  a  single  human  being,  in 
whom  each  part,  while  maintaining  its  own  life,  shall  have 
duties  to  perform  for  the  good  of  the  whole.  In  other  words, 
a  single  compound  individual  is  to  be  built  up  by  the  union 
and  co-operation  of  a  number  of  simple  ones  represented  by 
the  various  cells,  each  of  which  thenceforth,  while  primsrily 
looking  after  its  own  interests  and  having  its  own  peculiar 
faculties,  has  at  the  same  time  its  activities  subordinated  to 
the  good  of  the  entire  community.  -— *^-..-- 

The  Physiological  Division  of  Labor.  The  fundamental 
physiological  properties,  originally  exhibited  by  all  the  cells, 
become  ultimately  distributed  between  the  different  modified 
cells  which  form  the  tissues  of  the  fully  developed  Body 
much  in  the  same  way  as  different  employments  are  dis- 
tributed in  a  civilized  state;  for  the  difference  between  the 
fully  developed  Human  Body  and  the  collection  of  amoeboid 
cells  from  which  it  started  is  essentially  the  same  as  that 
between  a  number  of  wandering  savages  and  a  civilized  nation. 
In  the  former,  apart  from  differences  dependent  on  sex,  each 
individual  has  no  one  special  occupation  different  from  that 
of  the  rest,  but  has  all  his  own  needs  to  look  after:  he  must 
collect  his  own  food  and  prepare  it  for  eating,  make  his  own 
clothes,  if  he  wear  any,  provide  his  own  shelter,  and  defend 
himself  from  wild  beasts  or  his  fellow  men.  In  the  civilized 
country,  on  the  other  hand,  we  find  agriculturists  to  raise 
food  and  cooks  to  prepare  it,  tailors  to  make  clothes,  and 
policemen  and  soldiers  to  provide  protection.  And  just  as 
we  find  that  when  distribution  of  employments  in  it  is  more 
minute  a  nation  is  more  advanced  in  civilization,  so  is  an 
animal  higher  or  lower  in  the  scale  according  to  the  degree 
in  which  it  exhibits  a  division  of  physiological  duties  between 
its  different  tissues. 
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From  the  subdivision  of  labor  in  atlvanced  com  muni  ties 
Severn)  iinportrtut  eon seq venues  arise.  In  the  first  place,  each 
man  devoting  himself  to  otic  kind  of  work  mainly  and  relying 
upon  others  for  the  supply  of  bis  other  needs,  every  sort  of 
work  is  better  done.  The  man  who  is  constantly  making 
boots  becomes  more  expert  than  one  wliose  attention  is  con- 
Itiinlly  tlistructed  by  other  duties*  und  he  can  not  only  make 
more  boots  in  a  given  time,  but  better  ones;  and  so  with  the 
perforinauce  of  all  other  kinds  of  work.  In  the  second  phice, 
a  necessity  arises  for  a  new  sort  of  industry,  in  order  to  con- 
vey the  produce  of  one  individual  in  excess  of  the  needs  of 
himself  and  his  family  to  those  at  a  distance  who  may  want 
itt  and  to  convey  back  in  return  the  excess  of  their  produce 
which  he  needs.  The  carriage  of  food  from  the  (country  to 
iee,  und  of  city  produce  to  country  districts,  and  tlie  occii- 
tion  of  shopkeeping,  are  instances  of  tliese  new  kinds  of 
labor  which  arise  in  civilized  communities.  Jn  addition  tliere 
is  develo}ied  a  need  for  arrangements  by  which  the  work  of 
individuals  shall  be  rcgnhited  in  proporLion  to  tlie  wants  of 
the  whole  cotnnniuity.  such  as  is  in  part  effected  by  the 
agency  of  large  employers  of  labor  who  regulate  the  activities 
of  a  number  of  individuals  for  the  production  of  various 
iirtielei^  in  the  dilTerent  fjuantities  rerfiured  at  difTcrertt  times. 
Exactly  similar  phenomena  result  from  the  subdivision  of 
labor  in  the  Human  Body,  By  the  distribution  of  employ- 
menta  between  its  dillei'ent  tissues,  each  one  specially  doing 
cue  work  for  the  general  oomnmiuty  and  relying  on  the 
others  f<»r  their  aid  in  turn,  every  necessary  work  is  better 
I>erformed.  And  a  need  arises  for  a  distributive  mechanism 
by  which  the  excess  products,  if  any,  of  various  tissues  sljall 
be  cjtrried  to  others  which  require  them,  and  for  a  reguhitive 
mechanism  by  which  the  activities  of  the  various  tissues  sluiil 
be  rendered  proportionate  to  the  needs  of  the  whole  Body  at 
different  times  and  uiuler  different  circumstances. 

Classlflcation  of  the  Tissues, — As  we  might  separate  the 
inhabitants  of  the  United  States  into  grouiis,  such  as  lawyers, 
doctors,  clergymen,  mercfniuts,  farmers,  and  so  forth,  so  we 
may  classify  the  tissues  by  selecting  the  most  distinctive 
properties  of  each  of  those  entering  intn  the  construction  of 
the  adult  Body  and  arrafiging  tlicrn  into  physiologuml  groups; 
those  of  each  group  being  characterized  by  some  one  promi- 
nent employment.     No  such   classification,  liowever,  can  be 
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more  than  approximately  accurate,  since  the  same  tissne  has 
often  more  than  one  well-marked  physiological  property. 
The  following  arrangement,  however,  is  practically  convenient 
L  Undifferentiated  Tissues.  These  are  composed  of 
cells  which  have  developed  along  no  one  special  line,  bat 
retain  very  much  the  form  and  properties  of  the  cells  forming 
the  very  young  Body  before  different  tissues.were  recognixable 
in  it.  The  lymph-corpuscles  and  the  colorless  corpuscles  of 
the  blood  belong  to  this  class. 

2.  Supporting  Tissues.  Including  cartilage  (gristle), 
bone  and  connecHve  tissue.  Of  the  latter  there  are  several 
subsidiary  varieties,  the  two  more  important  being  white 
fil^rous  connective  tissue,  composed  mainly  of  colorless  inex- 
tensible  fibres,  and  yellow  fibrous  tissue,  composed  mainly  of 
yellow  elastic  fibres.  All  the  supporting  tissues  are  used  in 
the  Body  for  mechanical  purposes  :  the  bones  and  cartilages 
form  the  hard  framework  by  which  softer  tissues  are  supported 
and  protected ;  and  the  connective  tissues  unite  the  various 
bones  and  cartilages,  form  inviting  membranes  around  dif- 
ferent organs,  and  in  the  form  of  fine  networks  penetrate  their 
substance  and  support  their  constituent  cells.  The  functions 
of  these  tissues  being  for  the  most  part  to  passively  resist 
strain  or  pressure,  none  of  them  has  any  very  marked  phy- 
siological property ;  they  are  not,  for  example,  irritable  or 
contractile,  and  their  mass  is  chiefly  made  up  of  an  intercell- 
ular substance  which  has  been  formed  by  the  actively  liring 
cells  sparsely  scattered  through  them,  as  for  instance  in 
cartilage.  Fig.  45,  where  the  cells  are  seen  imbedded  in  cavi- 
ties in  a  matrix  which  they  have  formed  around  them;  and 
this  matrix  by  its  firmness  and  elasticity  forms  the  func- 
tionally important  part  of  the  tissue. 

3.  Nutritive  Tissues.  These  form  a  large  group,  the 
members  of  which  fall  into  three  main  divisions,  viz. : 

Assimilative  tissues,  concerned  in  receiving  and  preparing 
food  materials,  and  including— («)  Secretory  tissues,  com- 
posed of  cells  which  make  the  digestive  liquids  poured  into  the 
alimentary  canal  and  used  to  bring  about  chemical  or  other 
changes  in  the  food,  (b)  Receptire  tissues,  represented  by 
cells  which  line  parts  of  the  aliraertary  canal  and  take  up  the 
digested  food. 

Elitninative  or  excretory  tissues,  represented  by  cells  in  the 
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kidneys^  skin,  and  elsewhere,  wliose  main  bu&inesa  it  is  to  get 
rid  of  the  waste  products  of  the  various  parts  of  the  Body, 

Respiratory  tissues.  These  are  concerned  in  tlje  gaseoug 
interchanges  between  the  Body  and  the  surrounding  air. 
They  are  constituted  by  the  cells  lining  the  lungs  and  by  the 
colored  corpuscles  of  the  blood. 

As  regards  the  nutritive  tissues  it  requires  esj>ecialiy  to  be 
borne  in  mind  that  although  such  a  classification  as  is  here 
given  is  useful,  as  helping  to  show  the  method  pursued  in  the 
domestic  economy  of  the  Body,  it  is  only  imperfect  and 
largely  artificial.  Every  cell  of  the  Body  is  in  itself  assimi- 
IfU:ive,  respiratory,  and  excretory,  and  the  tissues  in  this  class 
are  only  those  concerned  in  the  iirst  and  last  interchanges 
of  material  between  it  and  the  external  world.  They  provide 
or  get  rid  of  substances  for  the  whole  Body,  leaving  the  feed- 
ing and  breathing  and  excretion  of  its  individual  tissues  to  be 
ultimately  looked  after  by  themselves  Just  as  even  the  mandarin 
described  b}  Robinson  Crusoe  who  found  his  dignity  promoted 
by  haring  servants  to  put  the  food  into  his  mouth,  had  finally 
to  swallow  and  digest  it  for  himself.  Moreover,  there  is  no 
logical  distinction  between  a  secretory  and  an  excretory  cell: 
each  of  them  is  characterized  by  the  separation  of  certain  sub- 
stances which  are  poured  out  on  a  free  surface  on  the  exterior 
-  or  interior  of  the  Body.  Many  secretory  cells  too  have  no 
I  concern  with  the  digestion  of  food,  as  for  example  those 
I       which  form  the  tears  and  sweat. 

^^^  4.  Storage  Tissues,  The  Body  does  not  live  from  hand 
^^■b  mouth:  it  has  always  in  health  a  supply  of  food-materials 
^[ccnmulated  in  it  beyond  its  immediate  needs.  This  Ues  in 
part  in  the  individual  cells  themselves,  just  as  in  a  prosperous 
community  nearly  every  one  will  have  some  little  jiocket- 
money.  But  apart  from  this  reserve  there  are  certain  cells, 
a  sort  of  capitalists,  which  store  up  considerable  quantities  of 
material  and  constitute  what  we  will  call  the  Mnrage  tissfte.% 
Theae  are  especially  represented  by  the  liver-cells  and  fat- 
cells,  wliich  contain  in  healtii  a  reserve  fund  for  tlie  rest  of 
the  Body.  Since  both  of  these,  together  with  secretory  and 
excretory  cells,  are  the  seats  of  great  chemical  changes*  they 
are  all  often  called  mt^Ntbollc  iisi<ue,9, 

5.  Ibritable  Tissues.  The  maintenance,  or  at  any  rate 
the  best  prosperity,  of  a  nation  is  not  fully  secured  when  a 
division  of  labor  has  taken  place  in  food-supply  and  food-dis- 
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tributiou  employments.  It  is  extremely  desirable  that  means 
shall  be  provided  by  which  it  may  deceive  information  of  ex 
ternal  changes  which  may  affect  it  as  a  whole,  such  as  the 
policy  of  foreign  countries;  or  which  shall  enable  the  inhabi- 
tants of  one  part  to  know  the  needs  of  another,  and  direct 
their  activity  accordingly.  Foreign  ministers  and  consuls  and 
newspaper  correspondents  are  employed  to  place  it  in  com- 
munication witli  other  states  and  keep  it  informed  as  to  its 
interests;  and  we  find  also  organizations,  such  as  the  meteor- 
ological department,  to  warn  distant  parts  of  approaching 
storms  or  other  climatic  changes  which  may  seriously  affect 
the  pursuits  carried  on  in  them.  In  the  Human  Body  we 
have  a  comparable  class  of  intelligence-gaining  tissues  lying 
in  the  sense-organs,  whose  business  it  is  to  obtain  and  com- 
municate to  the  whole  information  of  external  changes  which 
occur  around  it.  Since  the  usefulness  of  these  tissues 
depends  upon  the  readiness  with  which  slight  causes  excite 
them  to  activity,  we  may  call  them  the  irritable  tissues. 

6.  Co-ORDiNATixo  AND  AUTOMATIC  TISSUES.  Such  in- 
formation as  that  collected  by  ministers  in  foreign  parts  or  by 
meteorological  observers  is  usually  sent  direct  to  some  central 
office  from  which  it  is  redistributed;  this  mere  redistribution 
is,  however,  in  many  cases  but  a  small  part  of  the  work  carried 
on  in  such  offices.  I^t  us  siip^wse  information  to  be  obtained 
that  an  Indian  chief  is  collecting  his  men  for  an  attack  on 
some  point.  The  news  is  probably  first  transmitted  to  Wash- 
ington, and  it  becomes  the  duty  of  the  executive  officers  there 
to  employ  certain  of  the  constituent  units  of  the  nation  in 
such  definite  work  as  is  needed  for  its  protection.  Troops 
have  to  be  sent  to  the  place  tlireatened  perhaps;  recruits  en- 
listed; food  and  clothes,  weapons  and  ammunition,  must  be 
provided  for  the  army;  and  so  on.  In  other  words,  the  work 
of  the  various  classes  composing  tlie  society  has  to  be  organ- 
ized for  the  common  good:  tlie  mere  spreading  the  news  of 
the  danger  would  be  of  little  avail.  So  in  the  Body:  the 
information  forwarded  to  certain  centres  from  the  irritable 
tissues  is  used  in  such  a  way  as  to  arouse  to  orderly  activ- 
ity other  tissues  whose  services  are  required ;  we  find 
thus  in  these  centres  a  group  of  co-ordinating  tissues, 
represented  by  nerve-cells  and  possibly  by  certain  other 
constituents  of  the  nerve-centres.  Certain  nerve-cells  are 
also  automatic  in  the  physiological   sense  already  pointed 
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out*  The  lughestinaiiifestation  of  this  latter  fnculty,  sliowii 
objectively  by  ujiiseular  niavenieiits,  is  i^ubjectively  kuowti  us 
tb^  **  will,"  a  stttte  of  consciousness  j  and  other  mental  phe- 
nomena,  as  sensations  and  emotions,  are  also  associated  with 
the  activity  uf  nerve-cells  lying  in  the  brain.  How  it  is  that 
^||ny  one  state  of  a  material  ceil  should  give  rise  to  a  partieuhir 
itate  of  consciousness  is  a  matter  quite  heyond  our  jjowers 
of  conception;  but  not  really  more  so  tlian  how  it  is  thafc 
every  portion  of  matter  attracts  every  other  portion  acconliug 
to  the  law  of  gravitation.  Jn  the  living  Boiiy,  as  elsewhere 
in  the  nniverae,  we  cum  study  pbenoojena  and  make  out  their 
relations  of  sequence  or  coexistence;  hut  why  one  phenom- 
enou  is  accompanied  by  aTiother,  wiiy  in  fact  any  cause  pro- 
duces an  elfect,  is  a  matter  quite  beyond  our  reach  in  every 
case;  whether  it  be  a  sensation  accompanying  a  molecular 
change  in  a  nerve-cell,  or  the  fall  of  a  stone  to  the  ground  in 
obtniience  to  the  force  of  gravity. 

T,  Motor  TLssrHvS.  Tljese  bave  the  contractility  of  the 
original  protoplasmic  masses  highly  developed.  The  more 
iaiportant  are  dlutted  celh  and  nin.'<n(htr  tisi^ne.  The  former 
line  certain  surfaces  of  the  body,  and  possess  on  their  free 
turf  aces  fine  tli  reads  wliich  are  in  constant  movement.  One 
finds  snch  cells,  for  example  (Fig.  50),  lining  the  inside  of 
the  windpipe*  where  their  threads  or  ciiia  serve,  by  their 
motion,  to  sweep  any  fluid  formed  there  towards  the  throat, 
where  it  can  be  coughed  up  and  got  rid  of.  Muscular  tissue 
occurs  in  two  main  varieties.  One  kind  is  found  in  the  mus- 
cles attached  to  the  bones,  and  U  that  used  in  the  ordinary  vol- 
untary movements  of  the  Bofly.  It  is  composed  of  fibres  which 
present  cross-stripes  when  viewed  under  the  microscope  (Fig. 
56),  and  is  hence  known  ns  .sirtpetl  or  .sf Hated  mnsrnitir  ftjt- 
Jiue*  The  other  kind  of  muscular  tissue  is  found  in  the  walls 
of  the  alimentary  canal  and  some  other  liollow  organs^  ami  eon- 
tuiia  of  elongated  cells  (Fig.  60)  which  present  no  cross-stria- 
tioii.     It  is  known  as  pin  in  or  ujisiriafed  muscular  tissue. 

The  cells  enumerated  under  the  heading  of  ''undiffer- 
entiated tissues**  might  also  be  included  among  the  motor 
tissues,  since  they  are  capable  of  changing  tlieir  fornu 

8.  The  Conductive  TiHsrE8.  These  are  represented  by 
the  fwre^^^r^"*,  slender  threads,  each  of  which  has  as  its  essen- 
tial part  a  branch  of  a  nerve-cell  having  the  property  of  physio- 
logical conductivity  highly  developed;    the  tibres  therefore 
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readily  transmit  molecular  distnrbanoee.  When  its  eqniliV* 
rium  is  upset  at  one  end,  a  ner?efibre  transmits  to  its  other 
end  a  molecular  movement  known  as  a  '^  nerwus  impulse/* 
and  so  can  excite  parts  distant  from  the  original  exciting 
force.  Nenre-fibres  place,  on  the  one  hand,  the  irritable 
tissues  in  connection  with  the  automatic,  co-ordinating,  and 
sensory;  and  on  the  other  put  the  three  latter  in  communica- 
tion with  the  muscular,  secretory  and  other  tissues. 

9.  Protectits  Tissues.  These  consist  of  certain  cells  lin- 
ing cavities  inside  the  body  and  called  epithelial  cells,  and  cells 
covering  the  whole  exterior  of  the  Body  and  forming  epider^ 

miSy  hairs  and  nails.  The  enamel  which 
covers  the  teeth  belongs  also  to  this 
group. 

The  class  of  protective  tissues  is,  how- 
ever, even  more  artificial  than  that  of  the 
W^   f  ^     nutritive  tissues,  and  cannot  be  defined  by 
^y(^^&y^  positive  characters.     Many  epithelial  cells 
*  are  secretory,  excretory  or  receptive;  and 
C^£J  ciliated  cells  have  already  been  included 

Fio  ^V^Fiiif  «  sthp  *™^"^  ^^®  motor  tissues,  although  from 
liwij  ch4i*  fmin  tb-- i^iir  the  fact  that  the  movements  of  their  cilia 
a,  cell-body;  c,  nucleus;  go  on  m  Separated  cclIs  and  independently 
of    recognizable    external    stimuli,    they 
might  well  have  been  put  among  the  automatic.    The  protec- 
tive tissues  may  be  best  defined  as  including  cells  which  cover 
free  surfaces,  and  whose  functions  are  mainly  mechanical  or 
physical.     In  their  simplest  form  epithelial  cells  are  flat 
scales,  as,  for  example,  those  represented  in  Fig.  11b,  from 
the  lining  membrane  of  the  abdominal  cavity. 

10.  The  Reproductive  Tissues.  These  are  concerned  in 
the  production  of  new  individuals,  and  in  the  Human  Body 
are  of  two  kinds,  located  in  diiferent  sexes.  The  conjunction 
of  the  products  of  each  sex  is  necessary  for  the  origination 
of  oifspring,  since  the  female  product,  egg-cell  or  ovum, 
which  directly  develops  into  the  new  human  being,  remains 
dormant  until  it  has  been  fertilized,  and  fertilization  consists 
essentially  in  the  fusion  of  its  nucleus  with  the  nucleus  of  a 
cell  produced  by  the  male. 

The  Combination  of  Tissues  to  Form  Organs.  The  va- 
rious tissues  above  enumerated  forming  the  building  materials 
of  the  Body,  anatomy  is  primarily  concerned  with  their  struc- 
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'^re,  and  physiology  with  their  properties.     If  thi«,  however, 
•^^re  the  whole  matter,  the  probleitia  of  itnatoiny  and  phyei- 
'^^ogy  would  be  much  sinipler  than  they  actually  are.     The 
'^lowledge  about  the  living  Body  obtained  by  stiulying  only 
'heformBand  fanctionsof  the  individual  tissues  would  becom- 
Pi^rable  to  that  attained  abont  a  great  factory  by  studying 
^parately  the  boilers,  pistons,  Ifjvers,  wheels,  etc.,  found  in 
*t,  and  leaving  out  of  account  altogether  the  way  in  which 
these  are  combined   to  form  various  niachiuee;  for  in   the 
Body  the  various  tissues  are  for  the  most  part  associated  to 
form  organs f  each  organ  answering  to  a  complex  machine 
like   a   steam-engine   with    its   numerous   constituent   parts. 
And  just  as  in  ditfereiit  mjicliines  a  cogged  wheel  may  per- 
forin very  different  duties,  dependent  upon  the  way  in  which 
it  is  connected  with  other  parts,  so  in  the  Body  any  one  tissue, 
although  its  essential  properties  are  everywhere  the  same, 
may  by  its  activity  subserve  very  various  uses  according  to 
Ihe  manner  in  which  it  is  combined  with  others.     For  ex- 
ample: A  nerve-fibre  uniting  the  eye  with  one  part  of  the 
brain  will,  by  means  of  its  conductivity,  when  its  end  in  the 
eye  is  excited  by  the  irritable  tissue  attached  to  it  on  which 
light  acts,  cause  changes  in  the  sensory  nerve-cells  connected 
with  its  other  end  and  so  arouse  a  sight  sensation ;  but  an  ex- 
actly similar  nerve-fibre  running  from  the  brain  to  the  mus- 
cles will*  also  by  virtue  of  its  conductivity^  when  its  ending 
in  the  brain  is  excited  by  a  change  in  a  nerve-cell  connected 
with  it,  stir  up  the  muscle  to  contract  under  the  control  of 
the  win.     The  different  results  depend  on  the  different  parts 
connected  with  the  ends  of  the  nerve- fibres  in  each  case,  and 
not  on  differences  in  the  propertiea  of  the  nerve-fibres  them- 
selves. 

It  becomes  necessary  then  to  study  the  arrangement  and 
uses  of  the  tissues  as  combined  to  form  various  organs,  and 
this  is  frequently  far  more  diftleult  than  to  make  out  the 
structure  and  properties  of  the  imltvidual  tissues.  An  ordi- 
nary muscle,  such  as  one  sees  in  the  lean  of  meat,  is  a  very 
complex  organ,  containing  not  only  contractile  muscular  tis- 
sne,  but  supporting  and  uniting  connective  tissue  and  con- 
dttctive  oerve-fibres,  and  in  addition  a  complex  commissariat 
arrangement,  composed  in  its  turn  of  several  tissues,  con- 
cerned in  the  food-supply  and  wtiste  removal  of  the  whole 
muscle.     Tht  anatomical  study  of  a  muscle  htis  to  take  into 
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account  the  arrangement  of  all  these  parts  within  it,  and  also 
its  connections  with  otlier  organs  of  the  Body.  The  physi- 
ology of  any  muscle  must  tak^  into  account  the  actions  of  all 
these  parts  working  together  and  not  merely  the  functions 
of  the  muscular  fibres  themselves,  and  has  also  to  make  out 
under  what  conditions  the  muscle  is  excited  to  activity  by 
changes  in  other  organs^  and  what  changes  in  these  it  brings 
about  when  it  works. 

Physiologioal  Mechanisms.  Even  the  study  of  organs 
added  to  that  of  the  separate  tissues  does  not  exhaust  the 
matter.  In  a  factory  we  frequently  find  machines  arranged 
so  that  two  or  more  shall  work  together  for  the  perform- 
ance of  some  one  work:  a  steam-engine  and  a  loom  may, 
for  example,  be  connected  and  used  together  to  weave  carpets. 
Similarly  in  the  Body  several  organs  are  often  arranged  to 
work  together  so  as  to  attain  some  one  end  by  their  united 
actions.  Such  combinations  are  known  as  physiological  ap- 
paratuses, 'i'he  circulatory  apparatus,  for  example,  consists 
of  various  organs  (each  in  turn  composed  of  several  tissues) 
known  as  heart,  arteries,  capillaries  and  veins.  The  heart 
forms  a  force-pump  by  which  the  blood  is  kept  flowing 
through  the  whole  mechanism,  and  the  rest,  known  together 
as  the  blood-vessels  J  distribute  the  blood  to  the  various  organs 
and  regulate  the  supply  according  to  their  needs.  Again,  in 
the  visual  apparatus  we  find  the  co-operation  of  (a)  a  set  of 
optical  instruments  which  bring  the  light  proceeding  from 
external  objects  to  a  focus  u})on  (/>)  tbe  retina,  which  con- 
tains highly  irritable  i)arts;  these,  cha»iged  by  the  light, 
stimulate  (r)  the  optic  nerve,  which  is  conductive  and  trans- 
mits a  disturbance  which  arouses  in  turn  (il)  sensory  parts  in 
the  brain.  In  the  production  of  ordinary  sight  sensations  all 
these  parts  are  concerned  and  work  together  as  a  visual  appa- 
ratus. So,  too,  we  find  a  respiratorif  apparatus,  consisting 
primarily  of  two  hollow  organs,  the  lungs,  which  lie  in  the 
chest  and  communicate  by  the  windpipe  with  the  back  of  the 
throat,  from  which  air  enters  them.  But  to  complete  the 
respiratory  apparatus  are  many  other  organs,  bones,  muscles, 
nerves  and  nerve-centres,  which  work  together  to  renew  the 
air  in  the  lungs  from  time  to  time;  and  the  act  of  breathing 
is  the  final  result  of  the  activity  of  the  whole  apparatus. 

Many  similar  instances,  as  the  alimentary  apparatus,  the 
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auditory  appanitiis,  iiiul  so  on,  will  reiuHly  be  thought  of, 
Tbe  study  of  t]ie  working  of  such  complicated  inechunisims 
ftirms  a  very  iiiijM>rtant  part  of  physiology. 

Anatomical  Systems.  From  the  anatoniieal  siile  awhiJe 
coUeotiun  of  bodily  orgjinH  agreeing  in  atriiriure  with  one 
another  is  often  spoken  of  as  a  gysteirt;  all  the  muscles,  for 
etample,  are  grouped  together  \\&  the  muscithir  si/sieiN,  and 
ill  the  bones  as  the  osseous  ni/.sft'ni,  and  so  on,  without  any 
reference  to  the  ditferent  uses  of  diiTen^nt  muscles  or  hones. 
The  term  system  is,  however,  often  used  as  efjuivaleut  to 
'•apparatus":  one  reads  indifferently  of  the  "circulatory  sya- 
lem  ^*  or  the  "  circnlatory  apparatus/'  It  is  better^  however, 
lo  rt^serve  the  term  system  for  a  collection  of  organs  classed 
together  on  account  of  similarity  of  structure;  and  "appa- 
L  j»lu8*' for  a  collection  of  organs  considered  together  on  ac- 
B^pnnt  of  their  co-operation  to  execute  one  function.  The 
^^■irmer  term  will  then  have  nn  anatomical^  the  latter  a  phy- 
^Bc^logical.  significance. 

The  Body  as  a  Working  Whole,  Finally  it  must  all 
through  be  borne  in  mind  tlmt  not  even  the  most  complex 
system  or  apparatus  can  be  considered  altogether  alone  as  an 
independently  living  part.  All  are  united  to  make  one  living 
Body,  in  which  there  is  throughont  a  mutual  interdepeiui- 
ence,  so  that  the  whole  forms  one  human  being,  in  whom  the 
circulatory,  respiratory,  digestive,  sensory  and  other  appara- 
tngefi  are  constantly  influencing  one  another,  each  modifying 
the  actiTitiee  of  the  rest.  This  interaction  is  mainly  brought 
about  through  the  conductive  and  co-ordinating  tissues  of 
the  nervous  system,  which  place  all  parts  of  the  Body  in  com- 
munication. But  in  addition  to  this  another  bond  of  union 
18  formed  by  the  blood,  which  by  the  circulatory  apparatus  is 
carried  from  tissue  to  tissue  and  organ  to  organ  and  so,  bring- 
ing materials  derived  in  one  region  to  distant  parts,  enables 
each  organ  to  influence  all  the  rest  for  good  or  ill. 

Besides  the  blood  another  liquid,  called  lymphs  exists  in 
the  Body.  It  is  contained  in  vessels  distinct  from  those 
which  carry  the  blood,  but  cTuptying  into  the  blood-vessels  at 
CM^rtain  points.  This  liquid  l)eing  also  in  constant  movement 
forma  another  agency  by  which  prod  nets  are  carried  from 
part  to  part,  and  the  welfare  or  ill-fare  of  one  member  en- 
abled to  influence  alt. 


CHAPTER  IV. 
THE  INTERNAL  MEDIUM. 

The  External  Medium.  During  the  whole  of  life  inter- 
changes of  material  go  on  between  every  living  being  and  the 
external  worid;  by  these  exchanges  material  particles  that 
one  time  constitute  parts  of  inanimate  objects  come  at  an- 
other to  form  part  of  a  living  being;  and  later  on  these 
same  atoms,  after  having  been  a  part  of  a  living  thing,  are 
passed  out  from  it  in  the  form  of  lifeless  compounds.  As 
the  foods  and  wastes  of  various  organisms  differ  more  or 
less,  80  are  more  or  less  different  environments  suited  for 
their  existence;  and  there  is  accordingly  a  relationship  be* 
tween  the  plants  and  animals  living  in  any  one  place  and  the 
conditions  of  air,  earth  and  water  prevailing  there.  Even 
such  simple  unicellular  animals  as  the  amoebsB  live  only  in 
water  or  mud  containing  in  solution  certain  gases,  and  in  sus- 
pension solid  food-particles;  and  they  soon  die  if  the  water 
be  changed  either  by  essentially  altering  its  gases  or  by  taking 
out  of  it  the  solid  food.  So  in  yeast  we  find  a  unicellular 
plant  which  thrives  and  multiplies  only  in  liquids  of  eertain 
composition,  and  which  in  the  absence  of  organic  compounds 
of  carbon  in  solution  will  not  grow  at  all.  Each  of  these 
simple  living  things,  which  corresponds  to  one  only  of  the  in* 
numerable  cells  composing  the  full-grown  Human  Body,  thus 
requires  for  the  manifestation  of  its  vital  properties  the  pres- 
ence of  a  surrounding  medium  suited  to  itself:  the  yeast 
[would  die,  or  at  the  best  ITe  dormant,  in  a  liquid  containing 
pnly  the  solid  organic  particles  on  which  the  amceba  lives; 
knd  the  amceba  would  die  in  such  solutions  as  those  in  which 
yeast  thrives  best. 

The  Internal  Medium.  A  similar  close  relationship  be- 
tween the  living  being  and  its  environment,  and  an  inter- 
change between  the  two  like  that  which  we  find  in  the  amoeba 
and  the  yeast-cell,  we  find  also  in  even  the  most  complex 
living  beings.     When,  however,  an  animal  comes  to  be  com- 
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ptwed  of  many  cells,  some  of  which  are  placed  far  away  from 
the  surface  of  its  body  and  from  imniediate  contact  with 
the  environment,  there  arises  a  new  need— a  necessity  for  an 
internal  medium  or  plasma  which  shall  play  the  same  pai-t 
Coward  the  individual  cells  as  the  surrounding  air,  water  and 
food  to  the  whole  aniuiaL  This  internal  medium  kept  in 
movement  and  receiving  at  some  regions  ol  the  bodily  sur- 
faces materials  from  the  exterior,  while  losing  suhstances  to 
the  exterior  at  the  same  or  other  surfaces,  forma  a  sort  of 
middleman  hetween  the  individual  tissues  and  the  surround- 
ing world,  and  stands  it)  the  same  relationship  to  each  of  the 
cells  of  the  Body  as  the  water  in  which  an  amoeba  lives  does 
to  that  animal*  or  beer-wort  does  to  a  yeast-celL  We  find 
mocordingly  the  Human  Body  pervaded  l>y  a  liquid  plasma, 
csontaining  gases  and  food-material  in  solution,  the  presence 
of  which  is  necessary  for  the  maintenance  of  the  life  of  the 
tiesnea.  Any  great  change  in  tliis  medium  will  affect  in- 
juriously few  or  many  of  the  groups  of  cells  in  the  Body,  or 
may  even  cause  their  death;  just  as  altering  the  media  in 
which  they  live  will  kill  an  ama-ha  or  a  yeast-celL 

The  Blood.  In  the  Hnman  Body  the  internal  medium  is 
primarily  furnished  by  the  bhod^  which,  as  every  one  knows, 
is  a  red  liquid  very  widely  distributed  over  the  frame*  since 
it  flows  from  any  part  when  the  skin  is  cut  through.  There 
are  in  fact  very  few  jwrtious  of  the  Body  into  which  the 
blood  is  not  carried,  Une  of  the  exceptions  is  the  epidermis 
or  outer  layer  of  the  skin:  if  a  cut  be  made  through  it  only, 
leaving  the  deeper  «kin*layers  intact,  no  blood  will  flow  from 
the  wound.  Hairs  and  nails  also  contain  no  blood.  In  the 
interior  of  the  Body  the  epithelial  layers  lining  free  surfaces, 
such  as  the  inside  of  the  alimentary  canal,  contain  no  blood, 
nor  do  the  hard  parts  of  the  teeth,  the  cartilages,  and  the 
refracting  media  of  the  eye  (see  Chap.  XX XII),  but  these 
interior  parts  are  moistened  with  liqnid  of  some  kind,  and 
unlike  the  epidermis  are  protected  from  rapid  evaporation. 
All  these  bloodless  parts  together  form  a  group  of  non'Va.i' 
t^nlar  tissues;  they  alone  excepted,  a  w^ound  of  any  part  of 
the  Body  will  cause  bleeding. 

Id  many  of  the  lower  animals  there  is  no  need  that  the 
liquid  representing  their  blood  should  be  renewed  very  rapidly 
in  different  parts.  Their  cells  live  slowly,  and  so  require  but 
little  food  and  produce  but  little  waste*    In  a  sea-anemone. 
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for  example,  there  is  no  special  arrangement  to  keep  the 
blood  moving;  it  is  just  pushed  about  from  part  to  part  by 
the  general  movements  of  the  body  of  the  animal.  But  in 
higher  animals,  especially  those  with  an  elevated  temperature, 
such  an  arrangement,  or  rather  absence  of  arrangement,  as 
this  would  not  suffice.  In  them  the  constituent  cells  live . 
very  fast,  making  much  waste  and  using  much  food,  and 
altering  the  blood  in  their  neighborhood  very  rapidly.  Be- 
sides, we  have  seen  that  in  complex  animals  certain  cells  are 
set  apart  to  get  food  for  the  whole  organism  and  certain 
others  to  finally  remove  its  wastes,  and  there  must  be  a  sure 
and  rapid  interchange  of  material  between  the  feeding  and 
excreting  tissues  and  all  tlie  others.  Tliis  can  only  be  brought 
about  by  a  rapid  movement  of  the  blood  in  a  definite  course, 
and  that  is  accomplished  by  shutting  it  up  in  a  closed  set  of 
tubes,  and  placing  somewhere  a  pump,  which  constantly  takes 
in  blood  from  one  end  of  the  system  of  tubes  and  forces  it 
out  again  into  the  other.  Sent  by  this  pump,  the  hearty 
through  all  parts  of  the  Body  and  back  to  the  heart  again, 
the  blood  gets  food  from  the  receptive  cells,  takes  it  to  the 
working  cells,  carries  off  the  waste  of  these  latter  to  the  ex- 
creting cells;  and  so  the  round  goes  on. 

The  Lymph.  Tlie  blood,  however,  lies  everywhere  in 
closed  tubes  formed  by  the  vascular  system,  and  does  not 
come  into  direct  contact  with  any  cells  of  the  Body  except 
tliose  which  float  in  it  and  those  which  line  the  interior  of  the 
blood-vessels.  At  one  part  of  its  course,  how- 
ever, the  vessels  through  which  it  passes  have 
extremely  thin  coats,  and  through  the  walls  of 
these  capillaries  liquid  transudes  from  the  blood 
and  bathes  the  various  tissues.  The  transuded 
liquid  is  the  Ipnjih,  and  it  is  this  which  forms 
Fro.i«.— Adia-  ^^^®  immediate  nutrient  plasma  of  the  tissues 
fn^"  apparatus!  ©xcept  the  fcw  which  the  blood  moistens  di- 

containitifir      two  rppflv 
llquJda,  h  and  c,   '^^^*J* 

separated   by  a        Dlalysls.     When  two  liquids  Containing  dif- 

moi8t     animal  *'  ...        *  .    . 

membrane.  lercut  matters  in  solution  are  separated  from 

one  another  by  a  moist  animal  membrane,  an  interchange  of 
material  will  take  place  under  certain  conditions.  If  ^  be  a 
vessel  (Fig.  12)  completely  divided  vertically  by  such  a  mem- 
brane, and  a  solution  of  common  salt  in  water  be  placed  on 
the  side  ft,  and  a  solution  of  sugar  in  water  on  the  side  c,  it 
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will  be  fotind  ufter  a  time  that  some  ealt  has  got  into  c  and 
lotiie  sngur  into  b,  although  there  are  no  visible  pores  in  the 
^rcilion.  SueJi  aw  interclmnge  is  siiid  to  be  due  to  dialysis 
or  *tsmo»i9n  and  if  the  process  were  allowed  to  go  on  for  some 
hours  the  same  proportions  of  salt  and  sugar  would  be  found 
m  the  solution  on  either  side  of  the  dividing  membrane. 

The  Renewal  of  the  Lymph,  Osmotic  phenomcnji  play 
a  gr**at  part  in  the  nutritive  processes  of  the  Body,  The 
lymph  present  in  tuiy  organ  giyes  up  things  to  the  cfills  there 
•  au^  ge^  things  from  them;  and  thus,  although  ii  may  have 
originally  been  tolerably  like  the  liqurd  part  of  the  Itlood,  it 
soon  acquires  a  different  chemical  composition.  DitTusion 
or  dialysis  then  commences  between  the  lymph  outsitle  and 
the  blqgd  inside  the  ea]iillanes,  and  the  hitter  gives  up  to  the 
lynijjb  !iew  materials  in  place  of  those  which  itHias  lost  and 
takes  from  it  the  waste  products  it  has  received  from  the  tis- 
siiSg.  When  this  blood,  altered  by  exchanges  with  the  lymph, 
gets  again  to  the  neighborhood  of  the  n^ceptive  cells,  having 
loot  some  food -materials  it  is  poorer  in  these  than  the  richly 
Bupplied  lyrmih  aronnd  those  cells,  and  takes  up  a  supply  by 
dialysis  from  it.  When  it  reaches  the  excretory  organs  it  has 
previously  picked  up  a  quantity  of  waste  matters  and  loses 
these  by  dialjsis  to  the  lyinph  there  present,  which  is  speeial- 
ly  poor  in  such  matters,  since  the  excretory  ceils  constantly 
depriire  it  of  them.  In  couseqnenee  of  the  different  wants 
and  wiiste-s  of  various  cells,  and  of  the  same  cells  at  different 
times,  the  lymph  must  vary  <'unsiderably  in  composition  in 
various  organs  of  the  Body,  and  the  blood  flowing  through 
them  will  gain  or  lose  different  things  in  different  places. 
But  renewing  during  its  circuit  in  one  what  it  loses  in 
another,  its  average  courposition  is  kept  pretty  constant,  and, 
Ih rough  interchange  with  it,  the  average  composition  of  tlie 
lympfi  also. 

The  Iiymphatic  Vessels.  The  blood,  on  the  whole,  loses 
more  lifpiid  tu  the  lymph  through  the  capillary  walls  than  it 
revives  back  the  same  way.  This  depends  mairily  on  the 
fact  that  the  prjigsure  on  the  blood  inside  the  vessels  is  greater 
than  that  on  the  lymph  outside^  and  so  a  certain  amount  of 
filtration  of  liquiil  frnm  within  out  occurs  through  the  vas- 
cular wall  in  addition  to  the  dialysis  proper.  The  excess  is 
collected  from  the  various  organs  of  the  Body  into  a  set  of 
l^mphutif:  vessels  which  carry  it  directly  back  into  some  of 
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the  larger  blood-yessels  near  where  these  empty  into  the 
heart;  by  this  flow  of  the  lymph,  under  prebsnre  from  behind, 
it  is  renewed  in  yarious  organs,  fresh  liquid  filtering  through 
the  capillaries  to  take  its  place  as  fast  as  the  old  is  carried  off. 

The  TAOt>6alB,  In  the  walls  of  the  alimentary  canal  4:g[; 
tain  food-materials  after  passiAg  through  the  recfiSttiXAn^^U^ 
into  the  lymph  are  not  transferred  locally,  lil^e  the  rest,  by 
dialysis  into  the  blood,  but  are  carried  off  bodily  in  the  lymph- 
vessels  and  poured  into  the  veins  of  a  distant  part  of  the 
Body.  The  lymphatic  vessels  concerned  in  this  work,  being 
frequently  filled  with  a  white  liquid  during  digestion,  are 
called  the  milky  or  lacteal  vessels. 

Summary.  To  sum  up:  the  blood  and  lymph  form  the 
internal  medium  in  which  the  tissues  of  the  Body  live;  the 
lymph  is  primarily  derived  from  the  blood  and  forms  the  im- 
mediate plasma  for  the  great  majority  of  the  living  cells  of 
the  Body;  and  the  excess  of  it  is  finally  returned  to  the 
blood.  The  lymph  moves  but  slowly,  but  is  constantly  reno- 
vated by  the  blood,  which  is  kept  in  rapid  movement,  and 
which,  besides  containing  a  store  of  new  food-matters  for  the 
lymph,  carries  off  the  wastes  which  the  various  cells  have 
poured  into  the  latter,  and  thus  is  also  a  sort  of  sewage  stream 
into  which  the  wastes  of  the  whole  Body  are  primarily  col- 
lected. 

Microscopic  Characters  of  Blood.  If  a  finger  be  pricked, 
and  the  drop  of  blood  flowing  out  be  spread  on  a  glass  slide, 
covered,  protected  from  evaporation,  and  examined  with  a 
microscope  magnifying  about  400  diameters,  it  will  be  seen 
to  consist  of  innumerable  solid  bodies  floating  in  a  liquid. 
The  solid  bodies  are  the  blood -corpuscles,  and  the  liquid  is 
the  blood-plasma  or  liquor  sanguinis. 

The  corpuscles  are  not  all  alike.  While  currents  still  exist 
in  the  freshly-spread  drop  of  blood,  the  great  majority  of 
them  are  readily  carried  to  and  fro;  but  a  certain  number 
more  commonly  stick  to  the  glass  and  remain  in  one  place. 
The  former  are  the  red,  the  latter  the  pale  or  colorless  blood" 
corpuscles. 

Bed  Corpuscles.  Forvi  and  Size,  The  red  corpuscles 
as  they  float  about  frequently  seem  to  vary  in  form,  but  by  a 
little  attention  it  can  be  made  out  that  this  appearance  is  due 
to  their  turning  round  as  they  float,  and  so  presenting  differ- 
ent aspects  to  view;  just  as  a  silver  dollar  presents  a  different 
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outline  according  as  it  is  looked  at  from  the  front  or  edge- 
rise  or  iu  three-quarter  profile* 

Sometimes  the  corpuscle  (Fig.  13,  B)  appears  ciroulari 
then  it  is  seen  in  full  face;  sometimes  linear  {C)^  and  slightly 
Darrowed  in  the  mid4lle;  sometimes  oval,  as  the  dollar  when 
half-way  between  a  full  and  a  side  view.  These  appearances 
ahow  that  each  red  corpuscle  is  a  circular  disk,  slightly  hoi* 
lowed  in  the  middle  (or  biconcave)  and  about  four  times  as 
wide  as  it  is  thick.  The  average  transverse  diameter  is  0.008 
milimeter  (j^^of   inch),     Shortly  after  blood   is  drawn  the 


Fro.  18, 'Blood-corpuscles.  A,  majm^flMl  about  4O0  dfameteni.  The  red  corpus- 
da*  liAve  ftrmn««d  themH^lres  In  roiil*^ux  :  a.  a^  colnrlPSH  cxirpusclei ;  B,  md  cor 
vpmeAiem  mon  nuN7Qfn«Hi  and  Keen  in  focttn  :  K.  m  red  c<:^rpuscl«  Nlif?htlf  out  of  focus 
jlMir  tbe  liicfat-h&nfj  top  corner  Is  a  r*Ki  conriiiarle  Kfen.  in  thrt^*  (jtiarLer  fMce,  And  &t 
Cooeieeo  ed^nrlae.    F^  O,  H,  /«  whltf^  corpu»cle§  highly  mAKiuaed. 


corpuscles  arrange  themselves  iu  rows,  or  ronieanx^  adhering 
to  one  another  by  their  broader  surfaces. 

Color, — Seen  singly  each  red  cor|Hiscle  is  of  a  pale  yellow 
CK^Ior;  it  is  only  when  collected  in  masses  that  they  appear 
fed.  The  blood  owes  its  red  color  to  the  great  nnnilM^rs  of 
tfaeae  bodies  in  it;  if  it  is  spread  out  in  a  very  thin  layer  it» 
too.  is  yellow.  In  a  cwbic  millimeter  (y^  inch)  of  blood  there 
are  about  five  million  red  corpuscles. 

MSiruciure.--Heen    from    tlie    front   the    central    part   of 
ouch   red  corpuscle  in   a  certain    focus  of  the   microscope 

pfiears  dimmer  or  darker  than   the  rest  (Fig.  13,  /f),  ex- 
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cept  a  narrow  band  near  the  outer  rim.  If  the  lens  of  the 
microscope  be  raised,  however,  this  previously  dimmer  central 
part  becomes  brighter,  and  the  previously  brighter  part  ob- 
^scure  (E).  This  difference  in  appearance  does  not  indicate 
the  presence  of  a  central  part  or  /ii/cZf{/«  different  from  the 
rest,  but  is  an  optical  phenomenon  due  to  the  shape  of  the 
corpuscle,  in  consequence  of  which  it  acts  like  a  little  bicon- 
cave lens.  Kays  of  light  passing  through  near  the  centre  of 
the  corpuscles  are  refracted  differently  from  those  passing 
through  elsewhere;  and  when  the  microscope  is  so  focnssed 
that  the  latter  reach  the  eye,  the  former  do  not,  and  vice 
versa  ;  thus  when  the  central  parts  look  bright,  those  around 
them  look  obscure,  and  the  contrary. 

There  is  no  satisfactory  evidence  that  these  corpuscles 
have  any  enveloping  sac  or  cell-wall.  All  the  methods  used 
to  bring  one  into  view  under  the  microscope  are  such  x\& 
would  coagulate  the  outer  layers  of  the  substance  composing 
the  corpuscle  and  so  make  an  artificial  envelope.  80  far  as 
optical  analysis  goes,  then,  each  corpuscle  is  homogeneous 
throughout.  By  other  means  we  can,  however,  show  that  at 
least  two  materials  enter  into  the  structure  of  each  red  cor- 
puscle. If  the  blood  be  diluted  with  several  times  its  own 
bulk  of  water  and  examined  with  the  microscope,  it  will  be 
(found  that  the  formerly  red  corpuscles  are  now  colorless  and 
the  plasma  colored.  The  dilution  has  caused  the  coloring 
matter  to  pass  out  of  the  corpuscles  and  dissolve  in  the  liquid. 
This  coloring  constituent  of  the  corpuscle  is  hcBnioglohin,  and 
the  colorless  residue  which  it  leaves  behind  and  which  swells 
up  into  a  sphere  in  the  diluted  plasma  is  the  stroma.  In  the 
living  corpuscle  the  two  are  intimately  mingled  throughout 
it,  and  so  long  as  this  is  the  case  the  blood  is  opaque;  but 
when  the  coloring  matter  dissolves  in  the  plasma,  then  the 
blood  becomes  transparent,  or,  as  it  is  called,  /rflfcjr.  The 
difference  may  be  very  well  seen  by  comparing  a  thin  layer  of 
fresh  blood  diluted  with  ten  times  its  volume  of  ten-per-cent 
salt  solution  with  a  sifniliir  layer  of  blood  diluted  with  ten 
volumes  of  water.  The  watery  mixture  is  a  dark  transparent 
red;  the  other,  in  which  the  coloring  matter  still  lies  in  the 
corpuscles,  is  a  brighter  opaque  red. 

Consistency, — Each  red  corpuscle  is  a  soft  jelly-like  mass 
which  can  be  readily  crushed  out  of  shape.  Unless  the  pres- 
sure be  such  as  to  rupture  it,  the  corpuscle  immediately  reas- 
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ita  proper  form  when  the  external  force  is  removed, 
Tbe  corpuscles  are,  then,  higlily  el^i^^tic;  thev  frequently  mm 
be  «een  much  dnigge«J  out  of  yhape  inside  the  vessels  when 
the  circulation  of  the  hhKMl  is  watched  in  a  living  auimal 
(Chap.  XV)»  but  immediately  springing  buck  to  their  normal 
form  when  they  get  a  chance. 

Blood-crystals,     lliernoglobiii  is,  as  above  shown,  readily 

soluble  in  water.     Iti  this   it  soon   decomposes  if  kept  in  a 

vrarm  room,  breaking  up  into  a  colorless  projeid  substance 

called  giobuiin  and  a  red  body,  hannaUu.     By  keeping  the 

hsemogloSTh  solution  very  cold,  however,  this  decomposition 

can  be  greatly  retunled,  and   at  the  >*ume  time  the  solubility 

af  the  hiemoglobin  in  the  water  much  diminished.     In  dilute 

ilcohol  lifemoglobin  is  still  less  soluble,  and  so  if  its  ice-cold 

-  watery    solution  have   on© 

t ^0    A  ^^  -  fourth   of    its    volume    of 

^^    m  ^^    ^_  cold   alcohol   added    to    it 

^   m^^  ^H         and  the  mixture  be  put  ia 

^     ^^^  ^j  a   refrigerator  for  twenty- 

^^^L^m  "^^^^^^C  ^      ^fek   ^^^^^  hours,  a  part  of   tha 

^^^^    ^^  ^^  ^^  haenioj^Hobiii      will      oftoii 

^  ^^B  ^^Bl  crystallize  out  and  sink  to 

the  bottom  of  the  vessel^ 
where  it  can  be  collected  for 
examination.  The  hiemo- 
globin of  the  rat  is  less  soluble  than  that  of  man,  and  there- 
fore crystallizes  out  especiully  eiisily;  but  these  hjemoglobiu 
oryittals,  or,  iis  they  are  often  called,  hhrnd-crifstah^  can  also 
be  obtained  from  human  blood*  In  IQO  parts  of  dry  human 
red  blood-corpuscles  there  aro  of  90  haemoglobin.  The  ha?mo- 
globin  is  the  essential  constituent  of  the  red  blood-corpuscles, 
enabling  them  to  pick  up  large  fjuantities  of  oxygen  in  the 
longs  and  carry  it  to  other  parts,     (See  Respiration.) 

Hemoglobin  contains  a  considerable  qnantity  of  iron,  much 
more  than  any  other  proximate  couetitnent  of  the  Body. 

The  Colorless  Blood-corpuscles  (Fig,  13,  F,  //,  6?).  The 
cahrlesSf  pale  in  trhite  corpuMies  of  the  blood  are  far  less 
numerous  than  the  red;  in  health  there  is  on  the  average 
about  one  white  to  three  hundred  red.  but  the  proponion 
may  vary  considerably  Each  is  finely  granular  and  consists 
of  a  soft  mass  of  protoplasm  enveloped  in  no  definite  eel  I- wall, 
bnt  containing  a  nucleus.     The  grarmles  in  the  protoplaani 


*  • 


Flo,   U.— Biood-cryatJifl,  or  hi»mo|^tobln 


48  THE  HUMAN  BODY. 

commonly  hide  the  uucleus  in  a  fresh  corpuscle,  but  dilute 
acetic  acid  dissolves  most  of  them  and  brings  the  nucleus  into 
view.  These  pale  corpuscles  belong  to  the  group  of  undiffer- 
entiated tissues,  and  differ  in  no  imjiortant  recognizable 
character  from  the  cells  which  make  up  the  whole  very  young 
Human  Body,  nor  indeed  from  such  a  unicellular  animal  as 
an  Amtt^ba.  They  have  the  power  of  slowly  changing  their 
form  spontaneously.  At  one  moment  a  pale  corpuscle  will 
be  seen  as  a  spheroidal  mass;  a  few  seconds  later  (Fig.  15) 
processes  will  be  seen  radiating  from  this,  and  soon  after 
^A  these   processes   may   be   retracted  and 

M^'       ^3s  &  ot  hers  thrust  out;  and  so  the  corpuscle 

jHF  W  ^^^0^  ^^^^  ^"  changing  its  shape.     These  slow 
Wr      ^^  jjx    amcpboid  movements  are  gresitly  promoted 

_,^glk    jfS^  /^©  ^y  ^^^pi^g  ^^^®  specimen  of  blood  at  the 

^^^fff  P^S  ^^N  temperature  of  the  Body.     By  thrusting 

(F       ^Jr      ^     Q^|.  ^  pro^iess  on  one  side,  then  drawing 

Fio.  15. -A  white  blood-  the  rest  of  its  body  up  to  it,  and  then 
wlSv-ruitervai!*'*^  Bending  out  a  process  again  on  the  same 

STaV-ofVJrLrre'u^  sidc,  the  corpusclc  cau  slowly  change  its 
amceSoid  movements.  pi^ce  and  Creep  across  the  field  of  the 
microscope.  Inside  the  blood-vessels  these  corpuscles  often 
execute  similar  movements;  and  they  sometimes  bore  right 
through  the  capillary  walls  and,  getting  out  into  the  lymph- 
spaces,  creep  about  among  the  other  tissues.  This  migration 
is  especially  frequent  in  inflamed  parts,  and  the  pus  or 
^ matter*^ vf\\\Q\\  collects  in  abscesses  is  largely  made  up  of 
white  blood-corpuscles  which  have  in  this  way  got  out  of  the 
blood-vessels.  The  average  diameter  of  the  white  corpuscles 
is  one  third  greater  than  that  of  the  red. 

The  colorless  corpuscles,  or  some  of  them,  are  capable  of 
taking  into  themselves  foreign  particles  present  in  the  blood; 
this  they  do  in  a  manner  similar  to  that  in  which  an  amoeba 
feeds:  the  process  is  known  as  phagon/tos.is  and  the  cells  ex- 
hibiting it  fis  phaf/ocj/tes.  Among  the  substances  observed  to 
be  taken  up  by  white  corpuscles  are  the  minute  organisms 
known  as  Bacteria,  certain  species  of  which  have  been  proved 
to  be  the  causes  of  some  diseases  {zymotic  diseases).  The 
white  corpuscles  may  in  this  way  play  an  important  part  in 
the  cure  of  such  diseases,  or  in  their  prevention  in  persons 
exposed  to  infection.  The  accumulation  of  white  corpus- 
cles in  inflamed  or  injured  parts  is  probably  primarily  as- 
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sociated  with  the  removal  of  dead  aud  brnkeii-dowii  tissues, 
thongh  it  may  be  carried  to  excfss  as  in  the  case  of  |Ji*ruieQt 
»ectnntilations. 

The  Blood  Platelets  or  Plaques  are  a  third  kind  of  blood- 
corpuscle,  considerably  smaller  than  the  red,  but  somewhat 
resembling  them  in  form,  Tbey  adhere  together,  break  down 
and  form  sticky  clumps  witii  great  rapidity  in  drawn  blood 
unless  special  precaiUious  are  taken. 

Blood  of  Other  Animals.  In  all  animals  with  blood  the 
pale  corpuscles  are  pretty  much  alike,  but  the  red  corpuBcles, 
which  with  rare  exceptions  are  found  only  in  Verlel>rateR, 
Tary  considerably,  lo  all  the  clasiies  of  the  mammalia  lliey 
are  circular  bicoueave  disks,  with  the  exception  of  the  camel 
tribe,  ill  whicldbey  are  ovah  They  vary  in  diameter  from  ^Av^ 
EnnK  (j2*cnj  inch)  (musk  deer)  to  .011  mm.  (bj^^^  inch)  {ele- 
phant). In  the  dog  they  are  nearly  the  same  size  m  those  of 
uiAU.  In  no  mamnuils  do  the  fully-developed  red  corpuscles 
poMees  a  nucleus.  In  all  other  vertebrate  classes  the  red  cor- 
paaclce  possess  a  central  nucleos,  and  are  oval  sligbtly  bi- 
convex disks,  except  in  a  few  fislies  in  which  they  are  cir- 
caUir.  They  are  largest  of  all  ii-  tlie  amphibia.  Those  of 
the  frog  are  O.OtJ  mm.  (fs\,ft  inch)  lotig  and  .007  mm.  (jjrj 
inch)  broad. 

Histology  of  Lymph.  Pure  lymph  is  a  colorless  watery- 
looking  liijuid;  exumiiit'd  with  a  microscope  it  is  seen  to  con- 
tain numerous  pale  corpuscles  closely  reseodpliiig  tboae  of  the 
blood,  and  no  doubt  nmny  are  pule  blood-corpuscles  which 
have  migrated.  Tliese  Iymph-cor|Hitiicles  or  ieuconfies  imve, 
however,  another  more  important  origin,  lu  many  parts  of  the 
Bo«ly  there  are  collections  of  u  peculiar  If/mpkotd  or  mlenoid 
hjfjtuf,  sometimes  in  nodular  masses  (lymphatic  glands). 
This  tissue  consists  essential'y  of  a  fine  network,  the  meshes 
of  wfiich  are  occupied  with  ieucocytes  which  frequently  show 
signs  of  division.  The  meehes  of  the  network  coniiimnicate 
with  lymphatic  vessels  and  the  lymph  Howing  through  picks 
np  and  cai  ries  off  the  new-formed  leucocytes.  The  lymph 
being  ultimately  poured  into  the  blood,  the  leucocytes  be- 
^me  the  colorless  corpuscles  of  the  latter;  and  the  migrating 
^Ils  of  the  blood  are  therefore  but  lymph-corpuscles  restored 
to  the  lymph,  perhapi  somewhat  changed  during  their  life  in 
the  blofwi-phisma. 

The  lymph  flowing  from  the  intestmes  during  digestioa 
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isy  as  already  mentioned,  not  colorless,  but  white  and  milky. 
It  is  known  as  ehyhy  and  will  be  considered  with  the  process 
of  digestion.  Dnring  fasting  the  lymph  from  the  intestines 
is  colorless,  like  that  from  other  parts  of  the  Body. 


CHAPTER  y. 


THE  CLOTTING   OF  BLOOD, 


The  Coagulation  of  the  Blood.  Wlien  blood  is  first 
drawn  from  the  living  Body  it  is  perfectly  liquid,  flowing  iu 
my  direction  ai*  reailily  a^  water.  This  eondition  is^  liowever, 
only  temporary;  in  a  few  minutes  the  blood  becomes  viscid 
and  sticky,  and  the  viscidity  becomes  more  aud  more  marked 
nntil,  after  tbe  lapse  of  five  or  six  minutes,  the  whole  mass 
sets  into  a  jelly  which  adheres  to  tlie  Ycsi*el  containing  it,  so 
that  tliia  may  be  inverted  without  any  blood  whatever  being 
ej)i11ed.  This  stage  is  known  as  that  of  gdaitnizxttion  and  is 
also  not  permanent.  In  a  few  minutes  the  top  of  the  Jelly- 
like mas3  will  be  seen  to  bo  hollowed  or  "*  cupped  "  and  in  the 
concavity  will  be  seen  a  small  f|imntity  of  nearly  colorless 
liquid,  the  blood-Hevnm^  The  jelly  next  shrinks  so  im  to  pull 
iUelf  loose  from  the  aides  and  bottom  of  the  vessel  containing 
it,  and  as  it  shrinks  squeezes  ont  more  and  more  serum.  Ulti- 
mately we  get  a  solid  cM^  colored  red  and  stnaller  in  size 
than  the  vessel  in  which  the  blood  coagulated  though  retaiu- 
ing  ita  form,  floating  in  a  quantity  of  pale  yellow  serifm.  If, 
howerer*  the  blood  be  not  allowed  to  coagulate  in  ])erfect  rest, 
a  certain  number  of  red  corpuscles  will  be  rubbed  out  of  the 
clot  into  the  serum  and  the  latter  will  be  more  or  less  reddish. 
The  longer  the  clot  is  kept  the  more  serum  will  be  obtained: 
if  the  first  quantity  exuded  be  decanted  off  and  the  clot  put 
ttside  ami  protected  froni  eva]*oration,  it  will  in  a  short  time 
be  found  to  have  shrunk  to  a  smaller  size  and  to  have  pressed 
out  more  serum;  and  this  goes  on  until  putrefactive  changes 
commence. 

OaiiBe  of  Coagulation.  If  a  drop  of  fresh -drawn  blood 
be  spread  out  very  thin  and  w  ate  bed  for  a  few  minutes  with  a 
roicroeoope  magnifying  000  or  700  diameters,  it  will  be  seen 
that  the  coagnlation  is  due  to  the  separation  of  very  fine  solid 
threads  whicli  rnn  in  every  direction  througli  the  plasma  and 
fcrtn  II  close  network  entangling  all  the  corpuscles.    These 
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threads  are  comt)osed  of  the  proteid  substance  fibrin.  When 
they  first  form,  the  whole  drop  is  much  like  a  sponge  soaked 
full  of  water  (represented  by  the  serum)  and  having  solid 
bodies  (the  corpuscles)  in  its  cavities.  After  the  fibrin  threads 
have  been  foruied  they  tend  to  shorten;  hence  when  blood 
clots  in  mass  in  a  vessel,  the  fibrinous  network  tends  to  shrink 
in  every  direction  just  as  a  network  formed  of  stretched 
india-rubber  bands  would^  and  this  shrinkage  is  greater  the 
longer  the  clotted  blood  is  kept.  At  first  the  threads  stick 
too  firmly  to  the  bottom  and  sides  of  the  vessel  to  be  pulled 
away,,  and  thus  the  first  sign  of  the  contraction  of  the  fibrin 
is  seen  in  the  cupping  of  the  surface  of  the  gelatinized  blood 
where  the  threads  have  no  solid  attachment,  and  there  the 
contracting  mass  presses  out  from  its  meshes  the  first  drops  of 
serum.  Finally  the  contraction  of  the  fibrin  overcomes  its  ad- 
hesion to  the  vessel  and  the  clot  juills  itself  loose  on  all  sides, 
pressing  out  more  and  more  serum,  in  which  it  ultimately 
fioats.  The  great  nuijority  of  the  red  corpuscles  are  held  back 
in  tlie  meshes  of  the  fibrin,  but  a  good  many  pale  corpuscles, 
by  their  amoeboid  movements,  work  their  way  out  and  get 
into  the  serum. 

Whipped  Blood.  The  essential  point  in  coagulation 
being  the  formation  of  fibrin  in  the  plasma,  and  blood  only 
forming  a  certain  amount  of  fibrin,  if  this  be  removed  as  fast 
as  it  forms  the  remaining  blood  will  not  clot.  The  fibrin 
may  be  separated  by  what  is  known  as**  whipping"  the  blood* 
For  this  purpose  fresh-drawn  blood  is  stirred  up  vigorously 
with  a  bunch  of  twigs,  and  to  these  the  sticky  fibrin  threads 
as  they  form,  adhere.  If  the  twigs  be  withdrawn  after  a  few 
minutes  a  quantity  of  stringy  material  will  be  found  attached 
to  them.  This  is  at  first  colored  red  by  adhering  blood-cor- 
puscles: but  by  washing  in  water  they  may  be  removed,  and 
the  ptire  fibrin  tlius  obtained  is  perfpctly  white  and  in  the 
form  of  highly  elastic  threads.  It  is  insoluble  in  water  and 
in  dilute  acids,  but  swells  up  to  a  transparent  jelly  in  the 
latter.  The  "  whipped  "  or  "  defibrinated  blood  "  from  which 
the  fibrin  Inis  been  in  tliis  way  removed,  looks  just  like  ordinary 
blood,  but  has  lost  the  power  of  coagulating  spontaneously. 

The  Bufiy  Coat.  That  the  red  corpuscles  are  not  an 
essential  part  of  the  clot,  but  are  merely  mechanically  caught 
up  in  it,  seems  clear  from  the  microscopic  observation  of 
the  process  of  coagulation ;  and  from  the  fact  that  perfectly 
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forinetl  fibrin  can  be  obtained  free  from  corpusdes  by  whip- 
ping the  blood  and  washing  the  tlireads  which  adliere  to  the 
twigs*  Under  certain  coTKlitions,  moreover,  one  gets  a  natu- 
mlly  formed  clot  containing  no  red  corpuscles  in  one  part  of 
it.  The  corpuscles  of  human  hlood  are  a  little  lieavier^  bulk 
for  bulk,  than  the  plasma  in  which  they  float;  hence,  when 
the  blood  is  drawn  and  left  at  rei>t  they  Bink  slowly  in  it; 
and  if  for  any  reason  clotting  take  place  more  slowly  or  the 
corpuscles  sink  more  rapidly  than  usual,  a  coloiirss  top 
fitTatnm  of  plasma,  with  no  red  corjurscles  in  it,  is  left 
before  gelatiiiization  occurs  and  stops  the  further  sinking  of 
the  corpuscles.  The  npijermost  part  of  the  elot  formed 
nnder  such  circumstances  is  colttiian*^  or  pale  yellow,  and  is 
known  as  the  imfl^'f^ymnt ;  it  is  especially  apt  to  be  formed  in 
the  blood  tlrawn  from  febrile  patients,  and  was  therefore  a 
)K>int  to  which  physicians  paid  niucli  attention  in  the  olden 
timea  when  bloodletting  was  thought  to  be  almost  a  panacea. 
In  horse*s  blood  the  difference  betiveen  the  speeitic  gruvity  of 
the  corjjiiscles  and  tljat  of  the  plasma  is  greater  than  in 
I  Jiunian  blood,  and  horse's  blood  also  coagulates  more  slowly, 
W  that  its  clot  has  nearly  always  a  biiffy  coaL  The  colorlesa 
buffy  coat  seen  sometimes  on  the  top  of  the  clot  must,  how- 
ever, not  be  confounded  with  another  pht*nomenon*  When 
li  bJood-clot  is  left  floating  exposed  to  the  air  its  tap4>ecome8 
brijifht  Bcwrlet,  while  the  part  immersed  in  the  serum  assumes 
a  diMk  pHit\tii^red  colon  The  brightness  of  the  top  layer  is 
due  to  the  action  of  the  OKyg<»ti  of  kh%  air,  which  forms  a 
BCHrlet  compound  with  the  coloring  matter  of  the  red  cor- 
puscles* If  the  clot  he  turned  upside  down  and  left  for  a 
short  time,  the  previously  dark  red  bottom  layer,  now  exposed 
to  the  air,  becomes  bright;  and  the  previously  bright  top 
layer,  now  immersed  in  the  serum,  loses  iis  oxygen  and  be- 
oomes  dark, 

tJses  of  Coagulation.  The  clotting  of  the  hlood  is  so  im- 
portant  n  process  that  its  cause  has  been  frequently  investi- 
gated; but  it  is  not  yet  coni|ilctely  understood.  The  living 
circulating  blood  in  the  heaJlky- blood-vessels  does  not  clot; 
it  contains  na^oUd  iibrin,  but  this  loxiu&Jn  it,  sooner  or  later, 
when  the  Wood'gets  by  any  meaiis  oiit-4*l-4he-¥«ftiels  or  when 
the  lining  <if4KiWMi  ig  injt>j#d.  In  this  way  the  mouths  of  the 
small  vessels  opened  in  a  cut  are  clogged  up,  and  the  bleed- 
ing, which  would  otherwise  go  on  indefinitely,  is  stopped. 
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So,  too,  when  a  surgeon  ties  up  an  artery  before  dividing  it, 
the  tight  ligature  crushes  or  tears  its  delicate  inner  surface, 
and  the  blood  clots  where  that  is  injured,  and  from  there  a 
coagulum  is  formed  reaching  up  to  the  next  highest  branch  of 
the  vessel.  This  becomes  more  and  more  solid,  and  by  the  time 
the  ligature  is  removed  has  formed  a  firm  plug  in  the  cut  end 
of  the  artery,  which  greatly  diminishes  the  risk  of  bleeding. 

The  Source  of  Blood-fibrin.  Since  fii?8h  bluud  plaaimi 
contains  no  fibrin  but  does  contain  considerable  quantities  of 
other  proteids,  we  look  first  to  these  as  a  possible  source  of 
the  fibrin  formed  during  coagulation.  Blood  drawn  from  a 
living  animal  into  one  third  of  its  bulk  of  a  cold  saturated 
solution  of  magnesium  sulphate  and  kept  cold  will  not  clot 
for  a  long  time.  The  corpuscles  blowly  sink  in  the  mixture, 
and  after  a  time  considerable  quantities  of  colorless  ^'  salted  " 
plasma  can  be  drawn  off  from  its  upper  part.  The  salted 
plasma  still  contains  something  which  can  form  fibrin,  for  if 
diluted  with  six  or  seven  times  its  volume  of  water  it  clots  in 
a  manner  quite  similar  to  pure  blood-plasma  (though  the  clot 
is  a  little  less  firm);  and  also,  fibrin  can  be  obtained  by 
whipping  it. 

If  salted  plasma  be  saturated  with  sodium  chloride  it 
yields  a  whitish  rather  sticky  precipitate,  called  pla^tnine. 
The  remaining  liquid  is  then  found  to  have  lost  the  power  of 
clotting,  but  if  the  plasmine  be  treated  with  a  little  dilute 
saline  solution  it  dissolves,  and  the  solution  soon  clots,  with 
the  formation  of  fibrin. 

The  ])hismine  is  not  a  single  body.  If  its  solution  before 
it  clots  have  sodium  chloride  added  to  it  in  the  proportion 
of  about  15j^,  a  white  sticky  precipitate  is  formed,  and  may 
be  collected  on  a  filter;  it  is  a  substance  named  ^^ri'no^cn. 
If  more  sodium  chloride  or  some  magnesiim  sulphate  be 
added  to  the  filtrate  a  second  white  precipitate  is  obtained: 
this  is  paroglohuhn, 

Paraglobulin  dissolves  in  dilute  solutions  of  common  salt: 
such  solutions  cannot  be  made  to  yield  fibrin,  though  they 
are  coagulated  with  the  formation  of  coagulated  proteid 
(p.  10)  at  the  temperature  75°  C.  (1GT°  F).  Purified  fibrin- 
ogen also  dissolves  in  dilute  solution  of  common  salt,  and 
such  solution  is  coagulated  by  heat  (56"  C.  or  133°  F.):  but 
under  certain  conditions  it  clots  with  the  formation  of  true 

fibrin.      rhHPin^llia-<4Mting   the    fiLrlnnprpn    fliRuppflara^    but 
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the  quantity  of  fibrin  formed  uovor  ift  qwito  g^wal  in  weight 

to  the  fibrinogen  which  diHappear^,  so  the  process  is  not  a 
mcfie  dlmiit-^tnmDfijTmfttion  of  one  substance  into  the  other. 

We  are  thus  led  to  the  conclusion  that  the  nattiral  clot- 
ting of  fresh  blood  is  due  to  the  forntation  of  fibrin  from 
fibrinogen  which  existed  in  solntionTiT  the  plasma  of  the 
dfCimting  blood  and  lias  been  altered  in  the  elotteil,  giving 
origin  to  fibrin.  But  as  normal  blood  circtilating  in  healthy 
QDinjnred  blood-vessels  does  not  clot  nor  do  pure  solutions 
of  fibrinogen,  we  have  still  to  seek  the  exciting  cause  ot  the 
change* 

If  to  a  solution  of  fibrinogen  there  he  added  a  few  dropa 
of  blood  or  of  blood-^senim,  or  of  the  wa^iliings  of  a  blood-clot, 
fibrin  will  be  formed;  tlierefore  drawn  blood  and  serum  and 
natural  clot  each  contain  something  wliieh  can  effect  the  con- 
Tcrsion  of  fibrinogen  into  fibrin.  This  substance  is  the 
enzyme  named  fihnn-J'enmni. 

The  Pibrin-fennent.     When  blood*seriim  is  treated  with 

eral  times  its  volume  of  str<*ng  alcohol  its  various  proteida 
and  most  of  its  baits  are  precipitated:  if  the  precipitate  be 
left  standing  in  alcohol  for  some  months  the  proteids  become 
almost  entirely  insoltible  in  water,  but  a  few  drojis  of  the 
watery  extract  cause  clotting  in  a  saline  solution  of  fibrin- 
ogen»  and  clearly  contain  some  of  tho  ferment.  A  very 
niimUfiuUJiantity  of  the  ferment  will  cause  the  conversion  of 
an  indefinite  quantity  of  tlbrjjaogeu  and  does  m^t  aj>j>ear  to  be 
itaelf  Dseii  up  in  the  process:  it  acts  sonieliow  by  its  mere 
presence,  and  the  clotting  of  blood  is  to  be  relegated  to  that 
obscure  group  of  physfcr>-ehemical  proces^^es  known  as  oali^ 
lytic.  Solutions  containing  tho  ferment  always  give  some 
proteld  reactions  and  it  may  be  a  proteid,  but  this  is  doubt- 
ful; for  the  proteid  firesent  may  be  only  an  impurity.  Watery 
floltUiiitti— ^  fermont  completely  Xoae    their  activity   when 

t     .  M  ^    1 

If  fibrinogen  be  dissolved  in  the  least  possible  amount  of 
dilute  caustic  potash  and  a  few  drops  of  as  pure  as  possible  a 
solotion  of  fibrin  ferment,  freed  from  its  salts  by  dialysis, 
be  added,  clotting  does  not  occur:  but  it  may  be  brought 
about  by  the  addition  of  a  \QTy  small  quantity  of  a  calcium 
•alt.  The  presence  of  some  cah'ium  seems  to  bo  an  essential, 
but  the  part  it  plays  is  unknown.  f)f  the  four  substances 
which  take  part  in  tlie  coagulation  of  b7ood,  the  fibrinogen 
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primarily  determines  the  quantity  of  fibrin  formed :  the  more 
fibrinogen  the  more  fibrin^  though  never  quite  so  much  as  the 
fibrinogen  which  disappears.  The  ferment  acting  on  fibrin- 
ogen in  the  presence  of  a  salt  of  calcium,  in  some  way  causes 
it  to  become  fibrin,  but  does  not  itself  enter  into  the  fibrin;  it 
is  not  used  up  in  the  process,  and  the  amount  of  fibrin  ulti- 
mately formed  is  the  same  whether  much  or  little  ferment 
be  present;  but  the  more  ferment  the  quicker  the  clotting. 
The  presence  in  small  quantity  of  many  neutral  salts  seems  to 
favor  coagulation,  but  none  except  the  Ihne-salts  are  ^aaflntial- 
The  part  they  i)lay  is  obscure;  and  when  present  in  largfi_pro- 
portions  they  prevent  coagulation  of  blood  or  plasma,  prob- 
ably by  hindeiing  the  formation  of  ferment.  If  fresh  blood 
be  mixed  with  an  equal  bulk  of  a  saturated  solution  of  mag- 
nesium sulphate  (Epsom  salts)  or  of  common  salt,  it  will  not 
clot;  but  if  this  mixture  be  largely  dihited  with  water,  then 
some  ferment  is  formed  and  clotting  takes  place. 

The  Proximate  Causes  of  Normal  Blood  Coagulation. 
As  all  the  plienomena  of  clotting,  with  the  formation  of  fibrin 
agreeing  in  all  respects  with  that  formed  during  the  natural 
coagulation  of  drawn  blood,  can  be  obtained  in  artificial  solu- 
tions of  fibrinogen,  it  is  obvious  that  the  process  is  not,  as  was 
once  supposed,  a  so-called  vital  but  a  purely  chemical  one: 
but  we  still  are  far  from  a  satisfactory  ex})lanation  why  the 
fibrino<]^en  of  the  plasma  does  not  clot  in  normal  circulating 
blood  contained  in  healtliy  blood-vessels.  It  is,  in  fact,  much 
easier  to  point  out  what  are  not  the  proximate  causes  of  the 
coagulation  of  drawn  blood  than  what  are. 

Blood  when  removed  from  the  Body  and  received  in  a 
vessel  comes  to  rest,  cools,  and  is  exposed  to  the  air,  from 
which  it  may  receive  or  to  which  it  may  give  off  gaseous 
bodies.  But  it  is  easy  to  prove  that  none  of  these  three 
things  is  the  cause  of  coagulation.  Stirring  the  drawn  blood 
and  so  keeping  it  in  movement  does  not  prevent  but  hastens 
its  coagulation:  and  blood  carefully  imprisoned  in  a  living 
blood-vessel,  and  so  kept  at  rest,  will  not  clot  for  a  long  time; 
not  until  the  inner  coat  of  the  vessel  begins  to  change  from 
the  want  of  fresh  blood.  Secondly,  keeping  the  blood  at  the 
temperature  of  the  Body  hastens  coagulation,  and  cooling  re- 
tards it;  blood  received  into  an  ice-cold  vessel  and  kept  sur- 
rounded with  ice  will  clot  more  slowly  than  blood  drawn  and 
left  exposed  to  ordinary  temperatures.     Finally,  if  the  blood 
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^  collected  over  niercury  from  a  blood-vessel,  without  having 
^*^«n  exposed  to  the  air  even  for  an  instaut,  it  will  clot  per- 

The  fomiation  of  fibrin  is  then  dne  to  changes  taking 
Mace  in  the  blood  itself  wlien  it  is  removed  from  the  blood- 
^^flsels;  the  clotting  dei^cnds  solely  upoti  some  rearrangement 
of  the  blood -conatitnents,  and  the  primary  change  seema  to 
Vi«o  the  formation  of  fibrin-ferment.  That  healthy  circulating 
blood  contains  no  ferment  but  that  tfiis  forms  in  drawn  blood 
may  be  ghowa  as  follows:  Klood  is  drawn  from  an  artery 
into  four  separate  vessels.  To  one  specimen  a  large  quantity 
of  alcohol  is  added  at  once;  to  a  second  after  five  minutes,  to 
a  third  after  ten*  to  the  fonrth  after  fifteen.  The  precipitate 
in  each  is  collected  and  dried,  and  then  treated  with  water 
which  will  dissolve  any  ferment  present  The  watery  extract 
from  the  first  specimen  will  not  cause  clotting  when  added  to 
a  fibrinogen  solution:  from  the  second  only  slowly j  the  third 
more  quiekly,  and  the  funrtii  quickest  of  all.  It  Is  hence  con- 
cluded that  there  is  ujq  ferment  in  i)erfcctly  fresh  blood,  but 
that  this  begins  to  form  as  soon  as  blood  is  drawn  and  for 
jie  time  goes  on  increasing,  so  that  there  Js  more  in  blood 
iwii  ten  minutes  than  in  blood  drawn  only  five.  The 
in  each  sample  precipitates  all  the  ferment  already 
present  and  prevents  the  foi'mation  of  more.  There  is  some 
evidence  that  a  good  many  pale  corpuscles  disintegrate  when 
(blood  is  drawn,  and  it  has  been  maintained  that  they  then 
'give  origin  to  the  fibrin-ferment  along  with  otlier  things:  but 
of  lAte  evidence  seems  rather  to  point  to  the  phitdjc-ts  hs 
the  main  source  of  the  ferment.  Aa  already  stated  they 
rapidly  break  down  when  blood  is  removed  from  the  body, 
part  of  their  substance  going  into  solution  in  the  plasma  and 
part  remaining  as  a  sticky  mass  which  tends  to  adhere  to  its 
fellows  to  form  little  clumps.  If  the  formation  of  fibrin  in 
clotting  blood  be  watched  with  the  aid  of  a  microscope  the 
fibrin  threads  are  seen  to  appear  first  in  the  neighborhood  of  L- 
these  clumps,  and  in  many  cases  to  radiate  from  them.  More-  ' 
over  thTS^  substances  which  check  or  retard  the  clotting  of 
blood  also  hinder  the  disintegration  of  the  platelets:  and  if  a 
fine  thread  be  passed  through  the  blood-vessel  of  a  living 
animal  fibrin  forma  around  it  after  a  time^  and  this  formation 
IB  preceded  by  adhesion  to  the  thread  and  disintegration  of 
platelets.     But  be  the  source  of  the  ferment  platelets  or  pale 
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corpuscles  or  both,  we  have  still  the  problem  why,  under 
normal  conditions,  do  not  these  break  down  in  the  circulating 
blood:  have  perchance  the  blood-vessels  some  part  in  the 
matter  ? 

Relation  of  the  Blood-vessels  to  Coagulation.  As  to 
the  role  of  the  blood-vessels  with  respect  to  coagulation,  two 
views  are  held,  bi^tween  which  the  facts  at  present  known  do 
not  permit  a  decisive  judgment  to  be  made;  and  there  may 
be  some  truth  in  both.  One  theory  is  that  the  vessels  actively 
prevent  coagulation  by  constantly  absorbing  fro'ift  the  blood 
some  substance,  as  the  fibrin-ferment,  the  presence  of  which 
is  a  necessary  condition  for  the  formation  of  fibrin  and  which 
is  supposed  to  be  constantly  forming  in  the  blood,  but  to  be 
as  steadily  removed  from  it  or  destroyed  by  the  lining  cells  of 
the  blood-vessels.  In  support  of  this  opinion  is  brought  for- 
ward tlie  fact  that  it  is  possible  to  inject  considerable  quanti- 
ties of  a  solution  of  fibrin-ferment  into  the  blood  of  a  living 
animal  without  causing  intravascular  coagulation. 

The  other  view  is  tliat  the  blood-vessels  are  passive.  They 
simply  do  not  excite  those  changes  in  the  blood  constituents 
which  give  rise  to  the  formation  of  fibrin-ferment,  while 
foreign  bodies  in  contact  with  the  blood  do  exciip  these 
changes  and  so  lead  to  coagulation.  In  support  of  this  view 
are  brought  forward  the  facts  that  drawn  blood  clots  faster  in 
vessels  of  such  shapes  that  a  large  surface  of  blood  is  exposed 
to  foreign  contact ;  and  that  coagulation  takes  place  rapidly 
in  a  vessel  with  a  rough  interior,  while  in  a  chemically  clean 
glass  vessel  it  occurs  slowly.  I'he  experiment  already  men- 
tioned of  getting  a  clot  around  a  thread  passed  tlirough  a  blood- 
vessel, and  also  that  of  getting  extensive  clotting  within  the 
blood-vessels  by  the  injection  into  a  vein  of  extract  of  the 
thymus  body,  may  be  cited  as  tending  to  show  that  the  linings 
of  the  blood-vessels  cannot  actively  prevent  coagulation;  but 
it  may  be  objected  that  in  the  one  case  locally,  and  in  the  other 
generally,  the  ferment  is  set  free  in  the  blood  so  fast  that  the 
vessels  cannot  remove  it  in  time  to  prevent  the  formation  of 
fibrin.  Blood  poured  out  from  a  torn  vessel  among  other 
tissues  of  the  body  often  clots  very  slowly;  this  may  be  due 
either  to  the  tissues  in  general  possessing  the  power  of  de- 
stroying fibrin-ferment  or  to  their  being  merely  indifferent 
substances  not  exciting  the  changes  which  lead  to  fibrin 
formation. 
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Whatever  the  part  played  by  the  blood-vessels  in  reference 
toCOtgiilatioTi  it  is  only  exhibited  when  their  inner  enrfaces 
mft-fceiilthy  and  uninjured.  If  their  lining  be  ruptured  or 
diseased  the  blood  clots.  Accordingly,  after  deatli,  when 
post-mortem  changes n[iave  affected  the  blood-vessels,  the 
hlood  clots  in  them;  but  often  very  elowly,  since  the  vessels 
only  gradually  alter.  If  the  Body  be  left  in  one  position 
after  death  the  elotd  formed  in  tlie  heart  have  often  a  marked 
bnffy  coat,  because  the  corptiacles  have  had  a  long  time  to 
sink  in  the  plasma  before  coagulation  occurred*  In  medico- 
legal cases  it  is  tliua  sometimes  possible  to  say  what  waa  the 
position  of  a  corpse  for  eome  hours  after  death,  although  it 
has  been  subsequently  moved. 

Lymph  clots  like  the  blood,  but  not  so  firmly.  The  clot 
formed  ig  colorle&s. 

Composition  of  the  Blood.  The  average  specific  gravity 
of  buDian  blood  18  1U55.  It  has  un  alkaline  reactiotj,  which 
becomes  less  marked  as  coaguhition  occurs.  About  one  half 
of  it5  mass  consists  of  moist  ooj^fMiscles  ami  the  remainder  of 
plasma.  Exposed  in  a  vacniim,  100  volumes  of  blood  yield 
Bbont  60  of  gas  consisting  of  a  mixture  of  oxygen,  carbon 
dioxide  and  nitrogen. 

Chenxiatry  of  Serum.  Blood -se rum  is  plasma  which  has 
lost  its  fibrinogen  and  gained  fibrin- ferment  and  probably 
some  additional  paraglobulin;  from  an  analysis  of  it  we  can 
draw  concluFions  as  to  the  plasma.  In  100  parts  of  serum 
there  are  about  90  parts  of  water,  8.5  of  proteida,  and  1.5  of 
fat^,  salts  and  other  les^- known  solid  bodies.  Of  the  proteids 
present  the  most  abundant  are  serum-albumin  and  para- 
globulin* Berum-albumin  agrees  with  egg-albumin  in  coagu- 
lating when  heated:  for  this  reason  serum  when  boiled  sets 
into  an  opaque  white  mass,  just  as  the  wliite  of  an  egg  does. 
Serum-albumin  differs  from  egg-albumin  in  not  being  coagu- 
lated by  ether;  and  in  the  fact  that  although  present  in  such 
large  qnantities  in  the  blood,  it  is  not  excreted  by  the  kid- 
neys, as  egg-albumin  is,  if  injected  into  a  blood-vesseL  The 
paraglobulin  is  also  precipitated  by  heat,  but  may  be  pre- 
cipitated alone  by  saturation  of  the  serum  with  magnesium 
sulphate.  Fats  are  present  in  the  serum  in  small  quantity 
except  after  a  meal  at  which  fatty  substances  have  beeji 
eaten;  semm  obtained  from  the  blood  of  an  animal  soon 
after  auch  a  meal  is  often  milky  in  appearance  from  the  large 
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amount  of  fats  present,  instead  of  being  colorless  or  pale  yel- 
low and  transparent  as  it  is  after  fasting.  The  salts  dissolved 
in  the  serum  are  mainly  sodium  chloride  and  carbonate; 
small  quantities  of  sodium,  calcium,  and  magnesium  phos- 
phates are  also  present. 

Chemistry  of  the  Bed  Corpuscles.  In  these  in  the  fresh 
moist  state  there  are,  in  100  parts,  56  of  water  and  44  of, 
solids.  Of  the  solids  about  one  per  cent  is  salts,  chiefly  potas- 
sium phosphate  and  chloride.  The  remaining  solids  contain, 
in  100  ])arts,  90  of  ha?moglobin  and  about  8  of  other  proteids; 
the  residue  consists  of  less  well-known  bodies. 

Chemistry  of  the  White  Corpuscles.  Besides  much  water, 
these  yield  several  proteids,  some  fats,  glycogen  (see  Chap. 
XXIX)  and  salts;  and  smaller  quantities  of  other  bodies. 
The  ])redoniinant  salts,  like  those  of  the  red  corpuscles,  are 
potassium  phosphates. 

Variations  in  the  Composition  of  the  Blood.  The  above 
statements  refer  only  to  tlie  average  composition  of  the 
healthy  blood  and  to  its  better  known  constituents.  From 
what  was  said  in  the  last  chapter  it  is  clear  that  the  blood 
flowing  from  any  organ  will  have  lost  or  gained,  or  gained 
some  things  and  lost  others,  when  compared  with  the  blood 
which  entered  it.  But  the  losses  and  gains  in  particular  parts 
of  the  Body  are  in  such  small  amount  as,  with  the  exception 
of  the  blood -gases,  to  elude  analysis  for  the  most  part:  and 
the  blood  from  all  parts  being  mixed  in  the  heart,  they 
balance  one  another  and  produce  a  tolerably  constant  average. 
5wJ;j^^1In. health,  however,  the  specific  gravity  of  the  blood  may  vary 
/     rtrom   1045  to  1075;  the  red  corpuscles  also  are  present  in 

''^'        ■=  greater  proportion  to  the  plasma  after  a  meal  than  before  it. 

G  -Jl.  •'  ^  Healthy  sleep  in  proper  amount  leads  to  increase  in  the  pro- 
portion of  red  corpuscles,  and  waiit.iftl-i4^Unda.tn  diminittion 
of  their  number,  as  may  be  recognized  in  the  pallid  aspect  of 
a  person  who  has  lost-serera^TTTgiits*  rest. 

The  proportion  of  the  red  corpuscles  has  a  great  impor- 
tance since,  as  we  shall  subsequently  see,  they  serve  to  carry 
oxygen,  which  is  necessary  for  the  performance  of  its  func- 
tions, all  over  the  Body.  Anmmia  is  a  diseased  condition 
characterized  by  pallor  due  to  deficiency  of  red  blood-corpus- 
cles, and  accompanied  by  languor  and  listlessness.  It  is  not 
nnfrequent  in  girls  on  the  verge  of  womanhood,  and  in  per 
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gypTWorked  and  confined  witliiu  doors.     In  suuli 
Ae  be»t  remedies  are  open-air  exerciise  and  good  food. 

Siuiijsiary.  Practictilly  the  com  position  of  the  blood  may 
i  thus  stated  :  It  consists  of  (1)  phrsittft^  eormistitig  of  watery 
lutions  of  senun-alliiHniii,  jjjiraglohnliti,  fibrinogen,  sodi- 
um and  other  salts,  and  extractives  of  which  the  most  con- 
lUint  are  urea,  kreatin,  and  grape-siigur;  (2)  ret^  cftrpit.Kt'IeSf 
oontAining'  rather  more  than  half  their  weight  of  water,  the 
remainder  being  mainly  hi^nioglobin,  other  proteids^  and  pot- 
ftsb  siUts;  (3)  white  corptt.u'ii'a^  consisting  of  water,  various 
proteids,  glycogen,  and  potash  salts;  (4)  the  platelets;  (5) 
§a^t^^  partly  dissolved  in  the  phisraa  or  combined  with  its 
doiiintn  salts,  and  partly  combined  (oxygen)  with  the  lia?mo- 
f^^bin  of  tiie  red  €<>rpnae!e8. 

Quantity  of  Blood.  The  total  amonnt  of  blood  in  the 
Body  is  ditlicult  of  accnrate  determination*  It  is  abont  ^^ 
of  the  whole  weight  of  the  Body,  so  the  quantity  in  a  niSn 
weighing  70  kilos  (165  lbs,)  is  abont  5.8  kilos  (ViSt  lbs,).  Of 
this  at  any  given  moment  about  one  fourth  would  be  found  in 
the  laiiart,luiigsaijd  larger  blood-TCssels;  and  equal  quantities 
in  tlie  vessels  of  the  liver,  and  in  those  of  the  muscles  which 
move  tlie  skeleton;  while  the  reniainiiig  fourthts  distributed 
among  the  remaining  ]>art8  of  the  Body. 

The  Origin  and  Fate  of  the  Blood-corpuscles.  The  white 
blooil-corpuscles  vary  so  rapidly  and  fref|(ieritly  in  iiumher  in 
the  blood  that  thuy  uinst  be  constantly  in  process  of  altera- 
tion or  removal,  and  formation ;  their  number  iii  largely  in- 
creased after  taking  food,  even  more  than  that  of  the  red,  so 
that  their  proportion  to  the  red  rising,  from  1  to  lOCK)  during 
fasting,  to  1  to  250  or  iiUO  after  a  meaL  This  inerejLse  is 
mainly  due  to  iTtf^rpn^ed  f]<Hir  of  |y  p^jiii  at  this  time  through 
the  Ivmnhatics  of  the  alimentary  canal  which  have  much 
lymphoid  tissue  on  their  course;  and,  as  already  pointed  ottt, 
lynjph-corpuseles  are  constantly  nudtiplying  in  thia  tissue 
and  are  gathered  from  it  by  the  lytnph,  to  be  poured  into  the 
blood  (see  also  Chap.  XXIII).  Migrated  pale  corpuscles  of 
Ihe  blood  and  the  leucocytes  of  the  lynipli  retain  uuiny  of  the 
characters  of  UH4Hgoroftti#<Hwi  and  untii|»e<^ialized  embryonic 
oelU;  and  there  is  some  evidence  that  they  may  devdop  new 
ibsues  in  the  repair  of  injured  parts. 

Amphioxus.  the  lowest  undoubted  vertebrate  animal  (see 
Zoology )«  possesses  only  colorless  corpuecles   in   its   blood. 
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Iligher  and  more  complex  animals  need  more  oxygen  and,  as 
blood-plasma  dissolves  very  little  of  that  gas,  they  develop  in 
addition  the  haemoglobin-containing  corpuscles  which  pick 
it  up  in  the  gills  or  lungs  and  carry  it  to  all  parts  of  the 
Body,  leaving  it  where  wanted  (see  Chap.  XXVI).  In  cold- 
blooded vertebrates  the  red  corpuscles  are  not  nearly  so  many 
in  proportion  as  in  the  warm-blooded,  which  use  far  more 
oxygen.  The  older  view  was  that  the  mammalian  red  cor- 
puscle represented  the  nucleus  of  one  of  the  white,  in  which 
haemoglobin  had  been  formed  and  from  about  which  the  rest 
of  the  corpuscle  had  disappeared.  This,  however,  does  not 
seem  to  be  the  case.  In  adults  new  red  blood -corpuscles  are 
formed  by  the  segregation  of  })ortions  of  the  protoplasm  of 
peculiar  cells  (hcpmatoblasts)  found  in  various  parts  of  the 
Body,  but  especially  in  the  red  uuirrow  of  certain  bones  (p. 
95).  In  the  embryo  some  cells  of  the  liver,  and  in  new-born 
animals  (possibly  also  in  adult)  some  connective-tissue  cor- 
puscles (p.  112)  form  new  red  blood-corpuscles. 

How  long  an  individual  red  corpuscle  lasts  is  not  known, 
nor  with  certainty  how  or  where  it  disappears  :  there  is,  how- 
ever, some  reason  to  believe  that  many  are  finally  destroyed 
in  the  spleen  (see  Chiip.  XXIII).  Their  average  rate  of  dis- 
appearance and  new  formation  is  unknown,  but-it>  emargen- 
cies  (as  after  severe  haemorrhages)  they  can  be  r^urodnced 
with  great  rapidity. 

Chemistry  of  Lymph.  Lymph  is  a  colorless  fluid  when 
pure,  feebly  alkaline,  and  with  a  specific  gravity  of  about 
1045.  It  may  be  described  as  blood  minus  its  red  corpuscles 
and  much  diluted,  but  of  course  in  various  parts  of  the  Body 
it  will  contain  minute  quantities  of  substances  derived  from 
neighboring  tissues.  It  contains  a  considerable  quantity  of 
carbon  dioxide  gas  which  it  gives  up  in  a  vacuum,  but  no  un- 
combined  oxygen,  since  any  of  that  gas  which  passes  into  it 
by  diffusion  from  the  blood  is  immediately  picked  up  by  the 
living  tissues  among  which  the  lymph  flows. 


CHAPTER  VL 


THE  SKELKTON. 


Exoskeieton  and  End o skeleton.  The  skt'leton  of  an 
lAnimal  includes  all  its  hard  protecting  or  supporting  parts, 
and  is  met  with  in  two  main  forms.  One  is  an  cmak^Uion 
develoj^ed  in  oonneetion  witli  eitlier  the  snperficiul  or  deeper 
layer  of  the  skm,  and  represented  by  the  sbeH  of  u  eh^m, 
the  sojiloQ  of  lishes,  the  luswrRy- f^tttes  of  a  turtle,  the 
i>iiy  plfttea  of  an  armadillo,  and  the  ftM^l^^«  of  birds. 
In  man  the  exoskeleton  is  bnt  slightly  developed,  but  it 
k  represented  by  the  huivs,  immIs  and  tet^th;  for  although 
the  latter  lie  within  the  mouth,  the  study  of  developinent 
shows  that  they  are  developed  from  an  ofTsboot  of  the  skin 
which  growg  in  and  lines  the  nioulh  long  before  birth.  Hard 
parts  furnunl  from  structures  deejier  than  the  skin  constitute 
the  0mdo§M^0nf  which  in  man  h  highly  developed  and  con- 
eisU  af  a  great  many  boms  and  mtrUUtt^so  Tf  gpjitles,  the 
bones  forming  the  mass  of  the  hsird  framework  of  the  Body, 
while  the  cintihiges  tiniisb  it  olf  at  various  parts.  This  frame- 
work is  what  is  commonly  meant  by  the  skeleton;  it  pri- 
marily supports  all  the  eoftt-r  parts  and  is  also  arranged  so  as 
to  surround  cavities  in  wliicli  delicate  organs,  tis  the  hrain, 
heart  or  spinal  cord,  may  lie  with  safety.  The  gross  skeleton 
thus  formed  is  completed  and  supplemented  by  another  made 
of  the  connective  iismtesi  which  not  only,  in  the  shape  of 
Ltongh  bands  or  ligaments^  tie  the  bones  and  cartilages  to- 
other, hut  also  in  various  forms  pervade  the  whole  Body  as 
of  subsidiary  iskeloton  running  through  all  the  soft 
ftns  and  forming  networks  of  libres  around  their  other 
OQstituent^;  they  make,  as  it  were,  a  microsco2>ic  skeleton 
for  the  individual  modified  Pclls  of  which  the  Body  is  so 
largely  composed,  and  al?o  form  partitions  between  the  mns- 
de«,  cases  for  such  organs  aa  the  liver  and  kidneys,  and 
flheathg  around  the  blood-vessels.  The  bony  and  cartilagin- 
ous framework  with  its  ligaments  might  he  cailed  the  skele^ 
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ton  of  the  organs  of  the  Body,  and  this  finer  supporting 
meshwork  the  skeleton  of  the  tissues.  Besides  forming  a 
support  in  the  substance  of  various  organs,  the  connective 
tissues  are  often  laid  down  as  a  sort  of  packing  material  in  the 
crevices  between  them;  and  so  widely  are  they  distributed 
everywhere  from  the  skin  outside  to  the  lining  of  the  alimen- 
tary canal  inside,  that  if  some  solvent  could  be  employed 
which  would  corrode  away  all  the  rest  and  leave  only  these 
tissues,  a  very  perfect  model  of  the  whole  Body  would  be  left; 
something  like  a  "  skeleton  leaf,"  but  far  more  minute  in  its 
tracery. 

The  Bony  Skeleton  (Fig.  16).  If  the  hard  framework 
of  the  Body  were  joined  together  like  the  joists  and  beams  of 
a  house,  the  whole  mass  would  be  rigid;  its  parts  could  not 
move  with  relation  to  one  another,  and  we  should  be  unable 
to  raise  a  hand  to  the  mouth  or  put  one  foot  before  another. 
To  allow  of  mobility  the  bony  skeleton  is  made  of  many  sepa- 
rate pieces  which  are  joined  together,  the  points  of  union  be- 
ing called  articulationsy  and  at  many  places  the  bones  enter- 
ing into  an  articulation  are  inovably  hinged  together,  forming 
what  are  known  a^  joints,  Tlie  total  number  of  bones  in  the 
Body  is  more  than  two  hundred  in  the  adult;  and  the  number 
in  children  is  still  greater,  for  various  bones  which  are  dis- 
tinct in  the  child  (and  remain  distinct  throughout  life  in 
many  lower  aniinals)  grow  together  so  us  to  form  one  bone  in 
the  full-grown  man.  The  adult  bony  skeleton  may  be  de- 
scribed as  consisting  of  an  axuil  skeleton,  found  in  the  head, 
neck  and  trunk;  and  an  append icniiir  skeleton,  consisting  of 
the  bones  in  the  limbs  and  in  the  arches  (w  and  ,v.  Fig.  16) 
by  which  tliese  are  carried  and  attached  to  the  trunk. 

Axial  Skeleton.  The  axial  skeleton  consists  })rimarily 
of  the  vertebral  column  or  spine,  a  side  view  of  which  is  rep- 
resented in  Fig.  17.  The  upper  part  of  this  column  is  com- 
posed of  twenty-four  separate  bones,  each  of  which  is  a  rer- 
tebra.  At  the  posterior  part  of  the  trunk,  beneath  the 
movable  vertebrae,  comes  the  sacrum  {S  1),  made  up  of  five 
vertebrfe,  wliich  in  the  adult  grow  together  to  form  one  bone, 
and  below  the  sacrum  is  the  coccyx  (Co  1-4),  consisting  of 
four  very  small  tail  vertebrae,  which  in  advanced  life  also 
unite  to  form  one  bone. 

On  the  top  of  the  vertebral  column  is  borne  the  sJcull^ 
made  up  of  two  parts,  viz.,  a  great  box  above  which  incloses 


Fio,  17.— Elfili?  vTew  Qt  rhe 
BplnaJ  cotumn, 

boned  OB  the  ventral  side  of  this  which  form  the  skeleton  of 
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the  face.  Attached  by  ligaments  to  the  under  side  of  the 
craniam  is  the  hyoid  bone,  to  which  the  root  of  the  tongue  is 
fixed. 

Of  the  twenty-four  separate  vertebrae  of  the  adult  the  seven 
nearest  the  skull  (Fig.  17,  C  1-7)  lie  in  the  neck  and  are 
known  as  the  cervical  vertebra.  These  are  followed  by 
twelve  others  which  have  ribs  attached  to  them  (see  Fig.  16) 
and  lie  at  the  back  of  the  chest;  they  are  the  thoracic  or  dorsal 
vertebrcB  (D  1-12).  The  ribs  (Fig.  28)  are  slender  curved 
bones  attached  by  their  dorsal  ends,  called  their  Iieads,  to  the 
thoracic  vertebrae  and  running  thence  round  the  sides  of  the 
chest.  In  the  ventral  median  line  of  the  latter  is  the  breast- 
bone or  sternum  (d,  Fig.  16).  £ach  rib  near  its  sternal  end 
ceases  to  be  bony  and  is  composed  of  cartilage. 

These  parts — skull,  hyoid  bone,  vertebral  column,  ribs, 
and  sternum — constitute  the  axial  skeleton. 

The  Tboraoio  or  Dorsal  Vertebras.  If  a  single  vertebra, 
say  the  eleventh  from  the  skull,  be  examined  carefully  it  will 
be  found  to  consist  of  the  following  parts  (Figs.  18  and  19): 

First  a  bony  mass,  C,  rounded  on  the  sides  and  flattened 
on  each  end  where  it  is  turned  towards  the  vertebrae  above  and 
below  it.  This  stout  bony  cylinder  is  the  "  body  "  or  centrum 
of  the  vertebra,  and  the  series  of  vertebral  bodies  (Fig.  17) 
forms  in  the  trunk  that  bony  partition  between  the  dorsal 
and  ventral  cavities  of  the  body  spoken  of  in  Chapter  I.  To 
the  dorsal  side  of  the  body  is  attached  an  arch— the  neural 
arch,  A,  which  with  the  back  of  the  bodi/  incloses  a  space, 
Fv,  the  nettrai  ring.  In  the  tube  formed  by  the  rings  of  the 
successive  vertebra  lies  the  spinal  cord.  Projecting  from  the 
dorsal  side  of  the  neural  arch  is  a  long  bony  bar,  Ps,  the 
spinous  process  :  and  the  projections  of  these  processes  from 
the  various  vertebrae  can  be  felt  through  the  skin  all  down 
the  middle  of  the  back.  Hence  the  name  of  spinal  column 
often  given  to  the  whole  back-bone. 

Six  other  processes  arise  from  the  arch  of  the  vertebra: 
two  project  forwards,  /.^.,  towards  the  head;  these.  Pas,  are 
the  anterior  arficular  processes  and  have  smooth  surfaces, 
covered  with  cartila<je,  on  their  dorsal  sides.  A  pair  of  simi- 
lar posterior  articular  processes,  Pai,  runs  back  from  the 
neural  arch,  and  these  have  smooth  surfaces  on  their  ventral 
aspects.  In  the  natural  position  A  tlie  vertebra,  the  smooth 
surfaces  of  its  anterior  articular  processes  fit  upon  the  poste- 


Fia.  !§,— A  ihorncic  vertebra  seen  from  behiiifl,  i'  <•..  theetid  Uirn^l  from  th*  heml. 

^FUBm  li  — Two  tliorHcie  vt^riebitt*  vieWf-cl  fmni  llir  left  Midie,  imJ  in  tlietr  Tiatuial 

^QSUiOoa,     C,  Uie  IkxIv  ;  ^,  nt^iiral  arcu  ;  />>',  the  in-ural  riiijc  ;  Pii,  spiuourt 

/H*.  »Qt*rinr  HI ticiilar  prc)C»^MH  ;   I'ai,   posterior  iniiLoliir  |inxrf*hs  ;   Pt, 

m  iirooen ;  Ft,  fae**i  for  articulutiod  with  tlie  tulxjrele  of  a  rit) ;  Fcm,  Fi, 

•vtieulBr  mirfkcfMi  on  tb«  oeDtrum  fur  articulation  uith  u  dij. 

ilarly  ita  posterior  artioulur  processes  form  joints  (Fig,  19) 
with  the  anterior  articular  processca  of  the  vertebra  next  be- 
hind. 

The  remaining  processes  are  the  iransrerfte^  Pi^  wluch 
ran  outwards  and  a  little  dorsully.  Each  of  these  him  a 
anooth  articular  gurface,  Fi^  near  its  outer  ent). 

On  the  **  body  '*  are  seen  two  artienlar  surfaces  on  each 
aide:  one,  F<r5,  at  its  anterior,  tlie  other,  /r/,  at  its  posterior 
end,  and  both  close  to  tbe  att»ebTnent  of  tiie  neural  arch. 
Eiich  of  these  surfaces  forms  with  corresponding  areas  on 
the  rertebree  in  front  and  heliind  a  pit  into  which  the  end 
of  a  rib  fits  and  the  rib  attjii'bed  in  this  way  to  tbe  anterior 
part  of  the  **  body  *'  is  alf^o  fitted  on,  a  little  way  from  its 
dorsat  end,  to  the  articular  surface  at  the  end  of  the  transverse 
procets. 

The  Segments  of  the  Axial  Skeleton,  I  f  a  thoracic  verte- 
bra, say  the  first  (Fig.  *,*0),  l>e  detaehed  with  the  pair  of  ribs, 
CV,  belonging  to  it  and  the  bit  of  the  sternum,  S,  to  which 
ibe^  ribs  are  fixed  ventrally*  we  would  find  a  bony  parti- 
tion  formed  by  the  body  of  the   vertebra,  lying   between 
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two  arcbes  whicli  surronuil  cavi 
inclosed  by  the  *' body '' and  **neui 
mdly  piirt  of  tire  s|iiuid  eord 


Cv 


The    dorsal  cavity 
neurul  arch  "  contained  origi- 

Tbe  other  riug,  made  up  by 
I  lie  body  of  the  vertebm  dor- 
sally,  the  sternum  ventrally, 
and  the  ribs  on  the  sides,  snr- 
rownds  the  chest -cavity  with 
its  eciiitents.  All  of  these  part^ 
together  form  a  typical  seg- 
ment of  the  axial  skeleton, 
which,  however,  only  attains 
this  completeness  in  the  tho- 
racic region  of  the  trunk.     In 


aatilT^JkXitli^,  the  skuU  it  is  greatly  modified; 
^:i:^^^^:^\.^^:i^:^  and  in  the  neck  and  the  lower 

?i::i;;ji:.^;:;;;:;;!i[l.;.^{irJ^^^  p^^^t  of  the  tnmk  the  ribs  are 

isibedb^ftrtiiiMf,?,  either    absent  or  very   gmall, 

appearing  only  as  processes  of  the  vertebrfe;  and  the  sternal 
portion  u  wanting  altogether. 

Nevertheless  we  may  regard  the  whole  axial  skeleton  as 
made  up  of  a  series  of  such  segments  placed  one  in  front  of 
another,  but  having  different  portions  of  the  complete  seg- 
ment mneh  moditied  or  rudimentary  or  even  altogether 
wantiiii^  in  some  regions.  Parts  which  in  this  wity  really 
correspond  to  otie  another  thougli  they  differ  in  dettiil,  which 
are  so  to  speak  different  varieties  of  one  tiiiog,  are  said  in 
anatomical  languuge  to  be  homohgmti^  to  one  another;  and 
whcji  tliey  succeed  one  another  in  a  row,  as  the  trunk  seg- 
ments do,  the  homohffff  is  s|K)ken  of  as  seriaL 

The  Cervical  Vertebr®.  In  the  cervical  region  of  the 
vertebral  cohimn  the  bodies  of  the  vertebraa  are  smaller  than 
in  the  dorsul,  but  the  arches 
are  larger;  the  spinous  pro- 
cesses are  short  and  often  bifid 
and  the  transverse  processes 
appear  to  be  perforated  by  a 
canal,  the  veriehnil  foramen. 
The    bony  bar    bounding    this  W  ^      X 

apertnre  on   the  ventral    side, 

1^  ^      :       -  I't  Fio  tjl— A  cervical  vertebm.    Fif, 

however,   is   in    reality   a   very  v*»rt*.hn*i  r«rarm*i.;  PoiMn.teiJor  ar" 

small  nh  which  lias  grown  into  "^^^^'^■' ^>^^»^ 

CO  nt  if  nitty   with    the    body  and   true   transverse   process  of 


THE  SKELETON,  60 

the  Tertebra,  idthough  eepiirate  in  very  early  life:  the  trans- 
feree process  proper  bounds  the  vertebral  foramen  dorsallj. 
In  this  liitter  dnriiig  life  runs  ao  artery,  which  iiltinjately 
enters  the  skull-cavity. 

The  Atlas  and  Axis.  The  tirst  and  eeeond  cervical  verte- 
bra? differ  cousiderubly  froiu  the  rest.  The  first,  or  atlas 
(Fig.  'i2),  which  carries  the  head,  has  a  very  small 'body,  Aa^ 
and  a  large  neural  ring.  This  ring  is  subdivided  by  a  cord, 
the  (ranm^erse  lit/amenf,  L,  into  a  dorsal  moiety  in  which  the 
spinal  cord  lies  and  a  ventral  into  which  the  bony  process  D 
projects.  This  is  the  ottontotd  proceM^  and  arises  from  the 
front  of  the  axis  or  second  cervical  vertebra  (Fig.  23). 
Around  this  j)t!g  the  athis  rotates  when  the  head  is  turned 
from  side  to  side,  currying  the  skull  (which  articulates  with 
the  large  hallow  surfaces  Fas)  with  it 

The  odonioid  process  really  represents  a  large  piece  of  the 
body  of  the  atlas  which  in  curly  Jife  separates  from  its  own 
vertebra  and  becomes  united  to  tlie  axis. 

The  Lumbar  Vertebraa  <Fig,  24)  are  the  lax*gest  of  all  the 
movable  vertebrae  ami  have  iin  ribs  attached  to  theuL  Their 
epiues  are  short  and  stout  and  lie  in  a  more  horizontal  plane 
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t--Tll«  ailii*.    Fia.  58  ^Tli*»  furin.    An.  Iiody  of  fttlas;  D,  odonicHcl  im>oe«: 

Jioo  fNiot  of  fttliw  wiilt  which  The  >ikiill  articutatef*:  and  io  FIjf.  31.  «nt«- 

Fvtleulamirfiice of  AxiH;  L,  iratutiri^nje  Ji|fani»it^  F*t,  Vf>rt«bral  foramen;  Ap, 
Beur»l  «rcli;  2)p,  s^ifnoui  prooen. 

than  those  of  the  vertebrfp  in  front.     The  articular  and  trans- 
Terse  processes  are  ulsa  short  and  stout. 

The  Sacrum,  which  is  represeiited  along  with  the  last  lum- 
bar vertebra  in  Fig.  t-5,  consists  in  the  adult  of  a  single  bone; 
I  but  crosft-ridges  on  its  ventral  surface  indicate  the  limits  of 
the    five    separate   vortelmi^    of   which    it    is    composed    in 
childliood.     It   is    somewhat    triangular    in    form,   its   base 


limba  is  attached  (see  Fig.  16).     Its  veutrtil  surface  is  con- 
cave timj  arnootli  and  presents  four  pairs  of  mi ferior  sacral 
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fi*ramif$a,  Fsa,  wliich  communicate  with  the  neural  canaL 
^ta  doreul  surface,  convex  and  rougliened,  has  four  eimilar 
P^in  of  i/onterior  savntl  foramina. 

The  coccyx  (Fig.  26)  tidls  for  no  special  description,  I'he 
^^nr  bones  wliicii  grow  together,  or  aukijhsf^ 
^^  fonn  it,  represent  only  the  liodies  of  vertebrae, 
^tid  even  those  incompletely.  It  is  in  reality 
^  short  tail,  nlthongh  not  visible  as  eiich  from 
^fce  exterion 

The  Spinal  Column  as  a  Whole.  The  ver- 
t:«bral  column  iis  in  a  man  of  average  height 
«ibout  twenty-eight  inches  kng.  Viewed  from 
the  side  (Fig,  17)  it  presents  four  curvatures; 
one  with  the  convexity  forwards  in  the  cervical 
region  is  followed,  in  the  thoracic,  by  a  curve  with  its  concavity 
towards  the  cheat,     Jn  the  lundjar  region  the  curve  has  again 

convexity  tnrned  ventrally,  while  in  tlie  sacral  and  coccy- 
regions  the  reverse  is  the  etise.     These  curvatures  give  the  v>MXa*< 

le  column  a  good  deal  of  sprmginess  such  as  would  be  dUilov^^W^ 
ubinnt  were  it  a  straight  rod,  and  this  ig  farther  secured  by  the  ,  -^    || 

presence  of  compressible  elastic  padg,  the  intervertebral  disks,  A^-^s-^ro^i^M 
made  up  of  cartilage  and  connective  tissue,  which  lie  between 
'he  bodies  of  those  vertebra  which  are  not  ankylosed  together, 
and  fill  up  completely  the  empty  s])aces  left  between  the 
bodies  of  the  vertebrae  in  Fig.  17,  By  means  of  these  pads, 
t^ioreover,  a  certain  amount  of  movement  is  allowed  between 
uh  pair  of  vertebras  and  so  the  spinal  column  can  bo  bent 
to  considerable  extent  in  any  direction;  while  the  movement 
I  between  any  two  vertebrse  is  so  limited  that  no  sharp  bend 
take  place  at  any  one  point,  snch  as  might  tear  or  other- 
wise injure  the  spinal  cord  contained  in  the  neural  canah 
The  amount  of  movement  permitted  is  greatest  in  the  cervical 
region. 

In  the  case  of  the  movable  vertebras,  the  arch  is  somewhat 
narrowed  where  it  joins  the  body  on  each  side  ;  this  nar- 
rowed stalk  is  the  pedide  {It\  Fig.  19),  while  the  broader 
remaining  portion  of  the  arch  is  its  lamina.  Between 
the  pedicles  of  two  contiguous  vertebrte  there  are  in  this 
way  left  apertures,  the  infervertehrftl  holes  which  foru.  a 
■eries  on  each  side  of  the  vertebral  colnmiuand  one  of  which, 
/Y,  is  shown  between  the  two  dorsal  vertebra  in  Fig.  19, 
Tbrongh  these  foramina  nerves  rnn  out  from  the  spinal  cord 
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to  various  regions  of  the  Body.  The  sacral  foramina,  anterior 
and  posterior,  are  the  representatives  of  these  apertures,  but 
modified  in  arrangement,  on  account  of  the  fusion  of  the 
arches  and  bodies  of  the  vertebrae  between  which  they  lie. 

Sternum.  The  sternum  or  brea-st-bone  (Fig.  27  and  d, 
Fig.  16)  is  wider  from  side  to  side  than  dorso-ventrally.  It 
consists  in  the  adult  of  three  pieces,  and  seen  from  the  ven- 
tral side  has  somewhat  the  form  of  a  dagger.  The  piece  M 
nearest  the  head  is  called  the  handle  or  manubrium,  and  pre- 
sents anteriorly  a  notch.  Id,  on  each  side,  with  which  the 
collar-bone  articulates  (m,  Fig.  16);  farther  back  are  two 
other  notches,  Id  and  Jc2y  to  which  the  sternal  ends  of  the 
first  and  second  ribs  are  attached.  The  middle  piece,  0,  of 
the  sternum  is  called  the  body;  it  completes  the  notch  for 
It  the  second  rib  and  has  on  its  sides  others, 

>W^  Ic  3-7,  for  the  third,  fourth,  fifth,  sixth, 
and  seventh  ribs.  The  last  piece  of  the 
sternum,  P,  is  the  ensiform  or  xiphoid 
process;  it  is  composed  of  cartilage,  and 
has  no  ribs  attached  to  it. 

The  Ribs.  (Fig.  28).  There  are  twelve 
pairs  of  ribs,  each  being  a  slender  curved 
bone  attached  dorsally  to  the  body  and 
transverse  process  of  a  vertebra  in  the 
manner  already  mentioned,  and  continued 
ventrally  by  a  costal  cartilage.  In  the 
case  of  the  anterior  seven  pairs,  the  costal 
cartilages  are  attached  directly  to  the  sides 
of  the  breast-bone;  the  next  three  carti- 
lages are  each  attached  to  the  cartilage  of 
the  preceding  rib,  while  the  cartilages  of 
the  eleventh  and  twelfth  ribs  are  quite 
seenonTtfiven'traTas'pwi!  unattiiched  vcntrally,  so  these  are  called 

Jtf, manubrium;  C,  bo<lv;   ,,  .  /»       *  •  •»  n-ii  'a 

p,  xiphoid  procH^ss:  Icl,  the  free  ov floating  nbs,     Lhe  convexity 

notch  for  I  he  collar-bone:       #•      *     i  j       -v     •      a  j  a.  j 

Ic  1-7,  notches  for  the  of  cHch  ciirvcd  rib  IS  turiied  outwards  so 
rib-cariiiaKeH.  ^^  ^^  ^j^.^  rouudiiess  to  the  sides  of  the 

chest  and  increase  its  cavity,  and  each  slopes  downwards  from 
its  vertebral  attachment,  so  that  its  sternal  end  is  consider- 
ably lower  than  its  dorsal. 

The  Skull.  (Fig.  29)  consists  of  twenty-two  bones  in  the 
adult,  of  which  eight,  forming  the  cranium,  are  arranged  so 
as  to  inclose  the  brain-case  and  protect  the  auditory  organ. 


Fig.  27.— The  ntemum 


Flo,  SB.— The  rllMOf  tl)«  left  alfle,  wHih  lb#»  doi-^inJ  mul  two  I'^mhsr  vertebrw.  the 
ritHcmrtUaiTM  Kod  the  stenttun:  u,  OrHt  and*  b,  twelfth  tliQraclc  Terlelira;  c,  flrf^t 
Ivinter  venebrm. 

Cranium.  The  cratiinm  is  a  box  with  a  thick  floor  and 
thiTiDer  walig  and  roof.  Its  flotir  or  ham  repreeeTjts  in  the 
head  (a&  is  depleted  in  the  diagrjiin  Fig.  t.')  that  partition  be- 
tween the  dorsal  htuI  ventral  caviries  which  in  the  tnink  is 
Blade  ap  of  the  botlieB  of  (he  vertebra?.     In  very  early  life  it 


^ 


Fio.  28. — A  Rfd©  Tifw  rif  ihp  siWiil*  O,  tjodpftal  bont* ;  T,  temporal  :  IV,  p*H»> 
t«1  ;  F.  rroiitttl;  .s,  5.j.bi-ni>«d  ;  Z,  Jiialar  ;  .Wx,  iiiiixiilH;  A",  nuiOil;  J?,  ethcnoid;  ^ 
lacbrymnl;  Md.  Inffiinr  nmxilla. 

very  soon  ankyloso  with  others  or  with  one  another;  although 
they  remain  distinct  throughout  life  in  the  skulls  of  very 
many  lower  animals.  On  the  base  of  tlie  fnkiill,  besides  matiy 
small  apertures?  by  which  nerves  and  blood-vessels  pass  in  or 
out,  is  a  largu  aperture,  the  /or avteti  maf/fium,  through  which 
the  spinal  cord  passes  in  to  join  the  brain. 
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Tbe  cranial  bones  are  the  following: 

1.  The  occipital  bom  (Fig.  29,  0),  unpaired  and  having  in 
it  the  foramen  magnum.  It  is  nnuie  up  by  the  fusion  of  the 
biisi-occipitiii  with  other  flatter  bones. 
L  The  Jronial  bone  (Fig.  21),  F),  also 
unpaired  in  the  adult,  but  in  the 
child  each  half  is  a  separate  bone.  3. 
A  pair  of  tliin  platetike  parietal  bones 
(Fig.  29,  Fr)  which  meet  one  another  ^^XlfH^^B^^  -'I 
along  the  middle  line  in  the  top  of  the 
sknll,  and  roof- in  a  great  part  of  the 
cranial  cavity.  4.  A  pair  of  temptrral 
banes  (Fig.  29,  T)^  one  on  each  side  of 
the  skull  below  the  parietal.  On 
each  temporal  bone  is  a  large  aperture 
leading  into  the  ear-cavity,  tiie  essen- 
tial parte  of  the  organs  of  hearing  ^^^  ^_^  ^  ^^  ^^^ 
beinsT  contained    in   these    bones.     5,  pkuii.  The  lower  jaw  baa  been 

„,.  t         *  t    t  1  It       rMiiioviHL    At  the  lower  part 

Ihe  spfienoui  bone^  niado  up  by  the  «'fHirfljfui*?mih«*imnipii(ino 

.      ,         ,        .         ,  *  »  1  fornilnjf  I  he  roMf  of  iLe  tiioiith 

QQlon  of  the  oasi-sprienoid  and   pre-  und  nui  mumird  by  the  uppir 

I  •  J  ii    '  a\       I  r     I      11   *       sft  of   tfflli.     Above  thi^  are 

^nenoKi  (lying  oti  the  base  of  skull  in  nie  pained  opeiiin*rs of  th.*poft- 

front  of  the  ba^i-occipitai)  with  one  ^:zr:^id^:ie.rn;rfl^;:^ 
another  and  with  flatter  bones,  is  seen  ;:;j;;;:jr^;r;e\/:;^o:;;;; 
partly  (Fig.  29,  s)  on  tiie  ddes  <.f  the  :x^ir':r.as;:r' ^^'Z 

cranium  in  front  of  tb-:  temporals.  (5.  «"«»«,  ou  it*,  8»de«. 
The  ethmoid^  like  the  sphenoid,  single  in  the  adult,  is  really 
made  np  by  the  unit>n  of  a  sirjgle  median  Imni-ethmnirl  with 
a  pair  of  lateral  bones.  It  closes  tlie  Bkull-cavity  in  front, 
and  lies  between  it  and  the  top  of  the  misal  chambers,  being 
perforated  by  many  small  holes  through  which  the  nerves  of 
finiell  pai^s.  A  little  bit  of  it  id  seen  on  the  inner  side  of  the 
eye  socket  at  E  in  Fig.  20. 

Facial  Skeleton.  The  majority  of  the  face-bones  are  in 
]>air«;  two  oidy  being  single  and  me<lian.  One  of  these  is 
the  lower  jaw-bone  or  inferior  tmuiltu  (Fig,  29,  Md);  the 
other  is  the  vomer,  whicli  fcrnis  part  of  the  partition  between 
the  two  nostrils. 

The  paired  face-bones  are:  L  The  maxiUm^  or  upper  jaw- 
bones (Mx^  Fig.  29),  one  on  each  side,  carrying  the  upper 
rt>w  of  teeth  and  forming  a  great  p^j't  of  the  hard  pahtte, 
which  sejmrates  the  mouth  from  the  nose.     2,  The  palatine 

fr:— 


i 


76  THB  HUMAN  BODY, 

which  the  nose  communicates  by  the  posterior  nares  (Fig.  30) 
with  the  throat-cavity,  so  that  air  can  pass  in  or  out  in  breath- 
ing. 3.  The  malar  bones,  or  cheek-bones,  (Z,  Fig.  29.)  lying 
beneath  and  on  the  outside  of  the  orbit  on  each  side.  4.  The 
nasal  bones  {\,  Fig.  29),  roofing  in  the  nose.  5.  The  lach- 
rymal  bones  (L,  Fig.  29),  very  small  and  thin  and  lying  be- 
tween the  nose  and  orbit.  6.  The  inferior  turbinate  bones, 
lying  inside  the  nose,  one  in  each  nostril-chamber. 

The  Hyoid.  Besides  the  cranial  and  facial  bones  there 
is,  as  already  pointed  out,  one  other,  the  hi/oid  (Fig.  31), 
which  really  belongs  to  the  skull,  although  it  lies  in  the 
neck.  It  can  be  felt  in  the  front  of  the  throat,  just  above 
*'  Adam's  apple."  The  hyoid  bone  is  U-shaped,  with  its  con- 
vexity turned  ventrally,  and  consists  of  a 
body  and  two  pairs  of  processes  called  cor- 
mia.  The  smaller  cornua  (Fig.  31,  3)  are 
;y^  attached  to  the  base  of  the  skull  by  long 
Fm.81.— The  hyoid  ligaments.  These  ligaments  in  many  ani- 
Kreat  oornua^ '  s!  ^^^^^^  ^^^  represented  by  bones,  so  that  the 
small conina.  hyoid,   with    them,  forms  a  bony  arch  at- 

tached to  the  base  of  the  skull  much  as  the  ribs  are  attached 
to  the  bodies  of  the  vertebrae.  In  fishes  behind  this  hyoidean 
arch  come  several  others  which  bear  the  gills;  and  in  the 
very  young  Human  Body  these  also  are  represented,  though 
they  almost  entirely  disappear  long  before  birth.  The  hyoid, 
then,  with  its  cornua  and  ligaments  answers  pretty  much  to 
a  gill -arch,  or  really  to  parts  of  tjjto  gill-arches,  since  the 
gi'cat  and  small  cornua  belong  to  originally  separate  arches 
present  at  an  early  stage  of  development.  It  is  a  remnant  of 
a  structure  which  has  no  longer  any  use  in  the  Human  Body; 
but  in  the  young  frog-tadpole  parts  answering  to  it  carry 
gills  and  have  clefts  between  them  which  extend  into  the 
throat  just  as  in  fishes.  The  gills  are  lost  afterwards  and  the 
clefts  closed  up  when  the  frog  gets  its  lungs  and  begins  to 
breathe  by  them.  In  the  embryonic  human  being  these  gill- 
clefts  are  also  present  and  several  more  behind  them,  but  the 
arches  between  them  do  not  bear  gills,  and  the  clefts  them- 
selves are  closed  long  before  birth.  As  they  have  no  use  their 
presence  is  hard  to  account  for;  those  who  accept  the  doc- 
trine of  evolution  regard  them  as  developmental  reminis- 
cences of  an  extremely  remote  ancestor  in  which  they  were 
of  functional   importance  somewhat  as  in  the  tadpole:   of 
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rse  thid  does  not  mean  tluit  luen   were  developed  from 

The   Appendicular  Skeleton.      Tliis    consists    of    the 

m^'^hmlder- girdle   and   the  bones  of  the   fore  limbs,  and  the 

m^mlr ic  girdle  i\nd  the  bones  uf  llie  ]iostorior  limbs.     The  two 

^P^pporting  girdles  in  their  ruitural  position  with  referetice  to 

^te  trunk  skeleton  are  represented  in  Fig,  :S',*, 

The  Shoulder-girdle,  or  Pectoral  Arch,  This  is  made 
^p,  on  each  side,  of  the  si'aj)Hht  or  slionlder-bladef  and  the 
clavicle  or  collar-bone. 

The  srapuln  (S^  Fig.  32)  is  a  flattish  trianguhir  bone 
^hich  can  readily  be  felt  on  the  back  of  the  thorax.  It  is 
uot  directly  articulated  to  the  axial  skeleton,  bnt  lies  im- 
bedded in  the  muscles  and  other  parts  outside  tlie  ribs  on  each 
|8ide  uf  the  vertebral  column.  Frojii  its  ilorsal  side  arisen  a 
cre«t  to  which  the  outer  end  of  the  collar-bone  is  fixed,  and 
OQ  its  outer  edge  is  a  shallow  cup  into  which  tlie  top  of  the 

Iarm-t)one  fits:  this  hollow  is  known  as  tlie  (jhaniii  fosstt. 
The  eolhir-bofie  {C\  Fig.  '<S'l)  is  cylindrical  and  attached  at 
iX&  inner  end  to  the  sternum  as  shown  in  the  Ggure,  fitting 

I    in  to  the  notch  represented  at  Id  in  Fig.  27* 
The  Fore  Limb.     In  the  limb  itself  (Fig.  33)  are  thirty 
bones.     The  largest,  a,  lies  in  tlie  upper  arm,  and  is  called  the 
huffirrun.     At  tiie  elbow  the  humerus  is  succeeded  by  two 
bones,  the  radius  and  nhia,  e  and  b^  which  lie  side  by  side, 

I  the  radius  being  on  the  thnmb  side.  At  tlie  distal  ends  of 
these  bones  come  eight  small  ones,  closely  packed  and  forming 
the  wrist,  or  carpus.  Then  com  si  five  cylindrical  bones 
which  can  be  felt  through  the  soft  parts  in  the  jmlm  of  the 
hand;  one  for  the  thumb,  and  one  for  eacli  of  the  fingers. 
These  are  the  mcfnrarpnf  hones,  and  are  distingninbed  as  tirst, 
second,  thinl,  and  so  on,  the  first  being  that  of  the  thumb, 
Iti  the  thumb  itself  are  two  bones,  and  in  each  finger  three, 
arranged  in  rows  one  after  the  other;  these  boneaare  all  called 
phiilnnges. 

The  Pelvic  Girdle  (Fig,  32).  This  consists  of  a  large 
bone*  the  os  innominatuw^  0(\  on  each  side,  which  is  firmly 
fixed  dorsally  to  the  sacrum  and  meets  its  fellow  in  the  mid- 
dle tenlral  line.  In  the  child  each  o«  innondnatum  consists 
of  three  bones,  viz.,  the  ilium,  the  iscbiunj,  and  pubis, 
■  Where  these  three  bones  meet  and  finally  ankylose  there  is  a 
Hdeep  Jiocket^  the  acciabuiumt  into  which  the  head  of  the  thigli- 
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bone  fitg  (see  Fig,  Iti).  Between  the  pubio  and  ischial  boneci 
is  the  largest  fomnieii  in  the  whole  skeleton,  known  as  thes^ 
doorlike  or  thyroid  foramen.     The   pubic   bone   lies  abov^ 


Plo>  8i.— T1i«  ftkiflelou  of  iht'  trunk  and  tKe  lliiib  ajrhes  «be<«iii  from  the  front. 
li^blflcLe;  ^,  scapuitt;  fk\  inii4>iiijiiuie  iMjiit'  aciuehod  to  the  Aide  of  tbe  Mcniisi  di>i> 
atUjr  And  incseliutc  iti«  fftlou-  at  iVw^  pnhtc  iijmphyim  in  the  veiilrml  m^liui  Uiie. 

and  the  ischial  below  it.  The  iltnm  forms  the  upper  expanded 
portion  of  the  os  innominatinn  to  which  the  line  druwii  from 
Oc  ill  Fig.  3'2  points; 

The  Hind  Limb*  In  this  there  are  thirty  hones,  as  in  tlie 
fore  limb,  hut  not  «|iiiif  similarly  urrnnged;  there  being  one 
less  at  the  iinkle  than  in  tlie  wrist,  and  one  at  the  knee  not 
present  at  the  elbow-jotnt.  The  thigh-bone  or  fetnur  (fl, 
Fig.  'M)  is  the  largest  bone  in  the  body  and  extends  froni  the 
hip  to  the  knee- joint.  It  presents  above  a  large  rounded 
head  which  fits  into  the  acetabulum  ami,  below,  it  is  also 


B,  M  — Tlif*  tuM\c^  of  the  arrij     a,  humerus;   b.  inlim;  c.  iiuliim:  d,  the  carptu; 
«.  the  ftfi'  ;nl:   ^,  ih*?  tlir«K>  jihttlanges  of  the  fifth  dij^lt  (little  flng«?r);  p, 

iJifi  fihai  poUev  (IhtjmbL 

Fio.  3i  f  the  Jej^     II.  ft»mur:  ^,  pafelln:  c,  lihia;  rf,  flhula;   A,  caIcE' 

■;  #,  rtfttiAi^ing  tanMil  lionec;  /,  iiic^tatarsal  bctnes;  g.  phalanges. 

1  distal  end  of  the  le^-bones  comes  the  foot ^  consiet- 
l^*iiJ»,  meintarstiff^  mid  phttltinfies,  Tim  tarsus;  which 
answers  to  the  carpna  of  the  fore  Hmb»  is  made  up  of  seven 
irregular  bones,  the  largest  being  tlie  heel-bone,  or  calcaneunt. 
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h.  The  metatarsns  consists  of  five  bones  lying  side  by  side*:^ 
and  each  carries  a  toe  at  its  distal  end.  In  the  great  toe  (osc~ 
hallux)  there  arc  two  plmlanges,  in  each  of  the  others  three*  _^ 
arranged  as  in  tlie  fingers,  but  smaller. 

Comparison  of  the  Anterior  and  Posterior  Limbs.     It  i^^ 
clear  that  the  skeletons  of  the  arm  and  leg  correspond  prettjr^ 


0         P 


Fig.  35.— The  skeleton  of  the  arm  and  lesr.  H.  the  humeni«:  Cd.  Its  articular 
tieAci  which  tits  into  the  ^It^noid  fuRsa  of  tiie  Ki>apula;  U.  the  tiliia:  R,  the  radius; 
O,  the  olecranon;  Fe,  the  feuuir;   /*,  the  patella:  Fi,  the  titmlu;  T,  the  tibia. 

olosely  to  one  another.  They  are  in  fact  quite  alike  in  very 
early  life,  and  their  differences  at  birth  depend  upon  their 
taking  different  ways  as  they  develop  from  their  primitive 
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simplicity;  a£  both  may  be  regarded  as  niodifif^iitions  of  the 
same  original  structure,  they  are  hotnuloguus.  The  pelvic 
girdlo  cleurly  correspondi*  geiierfiUy  tn  the  pectond  arch,  the 
tibia  and  fibula  to  the  radius  and  ulna;  the  live  metatarsal 
bones  to  tlio  five  metacarpal,  and  the  phalau gea  of  the  toes  to 
thfwcMif  the  thaiub  and  fingers.  Uii  the  other  hand,  there  is 
iti  the  jirni  no  separate  bone  at  the  elbow-joint  correspondiiig 
to  the  patella  at  the  knee,  but  the  ulna  bears  above  a  bony 
[in>ceg!S,  the  olecntnon  (O,  Fig.  35),  which  at  first  18  a  separate 
bone  and  is  the  representative  of  the  pa^Ihi.  There  are  in 
thu  carpus  eight  bones  and  in  the  tarsus  but  seven.     The 


<^ 


31— Oiasrtun  «howhig   th«  reljitloa   of  the  pectoral  mtvh  to  the  aziftl 


Qil^mfalffis  of  the  tarsus  (Ta,  Fig.  38)  represents,  however,^v> 
bones  which  have  grown  together.  The  elbow-joint  bends 
Ventrally  and  the  knee-joint  dorsally. 

Comparing  the  limbs  as  a  whole,  greater  differences  come 

to  light,  differences  which  are 

mainly  correlated  with  the  dif- 
ferent uses  of   the  two  limbs. 

The  arms,  serving  as  prehensile 

organs,  have  all  their  parts  an 

movable  as  is  consistent  with 

the   requisite   strength,   while 

.,      ,  1'     t       I       '         XI  Pio-  S7,— Dliiirram    showlnjc'ihe  at- 

the  lower  linihs.  having  to  near  tudimem  of  ihi*  puuic  Arch  u>  theaxui 

the  whole  weight  of  the  Body, 

require  to  have  their  parts  much  more  firmly  kiut  together. 

AccorcJingly  we  find  the  shoulder-^irdle,  represented  red  in 

the  diagram  (Fig.  30),  only  directly  attached  to  the  axial 
eton  by  the  union  of  the  inner  end**  of  the  clavicles  with 
irteninro,  and  capable  of  considerable  independent  move- 

raenty  aa  seen^  for  instance,  in  "shrugging  the  shoulders," 


greater  ainercnces  c( 
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The  pehic  arcli,  on  the  coutmry,  u  firmly  and  immovably 
fixe  1  to  the  sides  of  the  sucrum.  The  socket  of  the  gcapula^ 
into  which  the  head  of  the  hinnerus  tits,  is  very  shallow  and 
allows  a  far  greater  range  of  movement  than  is  permitted  by 
the  deeper  socket  on  t!ie  pelvis^  into  which  the  head  of  the 
femur  fits*  Further,  if  we  hold  the  right  humerus  tightly 
in  the  left  hand  and  do  not  allow  it  to  move^  we  can  still 
move  the  forearm  hones  so  as  to  turn  the  palm  of  the  hand 
either  up  or  down :  no  such  inuvemeiit  u  possihle  between 
the  tibia  and  fihnhi.  Finally,  in  the  foot  the  bones  are  much 
less  movable  than  in  the  hand,  and  are  arranged  so  as  to  mak« 
a  springy  arch  (Fig.  38)  which  bears  behind  on  the  calcaneunii 
Ca^  and  in  front  on  the  distal  ends  of  the  metatarsal  bones, 
Oi(y  over  the  crown  of  the  tirch,  at  Ta^  is  the  surface  with 


Fm.  38.-^Tlie  bone§  of  the  foot.  €a,  culennevm,  or  <m  calcic  :  Ta.  i^rtlcular  «if- 
fac«9  for  tibia  ud  the  ajftrngahu  ;  jV.  ncaphotd  bon«  \  €1.  CIL  Arst  aiiil  turculid 
cutielfonn  buiies ;  Cb,  cuboid  bone  ;  l/T,  iiif  tatatiMl  boQ«  of  great  toe, 

which  the  leg-bones  articulate  and  on  which  the  weight  of 
the  Body  bears  in  gtanding. 

The  toes,  too,  are  far  less  movable  tlnm  the  fingers,  and 
this  differeoce  is  eapeeially  well  marked  between  the  great 
toe  and  the  thomb.  Tlie  latter  can  be  made  to  meet  each  of 
the  finger-tips  and  so  the  hand  can  seize  ami  manipulate  very 
small  objects,  while  this  power  of  opposing  the  first  digit  to 
the  rest  is  nearly  absent  in  the  foot  of  civilized  man.  In 
children,  however,  wlio  have  never  worn  boots,  and  in  savages, 
the  great  toe  is  far  more  movable,  though  it  never  forms  aa 
complete  a  thumb  as  in  many  apes,  which  use  their  feet,  as 
well  aa  their  hands,  for  prehension.  Hy  practice,  however, 
our  own  toes  can  be  made  much  more  mobile  than  they 
usually  are,  so  that  the  foot  can  to  a  certain  extent  replace 
the  hand  j  as  has  been  illustrated  in  the  case  of  persons  born 
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^'ithout  hands  who  have  learned   to  writti  ami   paint   with 
^i»eir  toes. 

Peculiarities  of  the  Human  BkeletOB.     These  are  largely 

^^JJtlected  with  the  division  of  labor  hetweeii  the  fore  and 

iikI  limbs  referred  to  above,  which  is  carried  farther  in  man 

%m\  in  niiv  other  creature.    Even  tlve  highest  apes  frec|nently 

1^  their  fore  limbfi  in  locomotion  and  their  liind  Hnibs  in 

irehension,  and  we  find  accordingly  that  anatomically  they 

If^resent  legs  ditlerentiation  of  hand  and  foot.  The  other  more 

kTn]>ortant  characteristics  of  the  human  skeleton  are  correlated 

^or  the  most  part  with  the  niaintenam-e  of  tlie  erect  posture, 

^which   is  more  comjdete  and   habitual  in  man  tluui  in  tlje 

I  Animals  mast  closely  allied  to  luni  amitoinically.  These 
I>eculiantie8, however,  otdy  appear  fully  in  the  adtdt.  In  the 
infant  the  head  is  proportionately  larger,  which  gives  the 
centre  of  gravity  of  the  BtMly  a  ctnnparatively  very  Iiigh  posi- 
tion and  rentiers  the  niaintenance  of  the  erect  posture  ditticiilt 
and  insecure.  The  curves  of  the  vertebral  column  are  nearly 
absent,  and  the  posterior  limbs  are  rehitivel^^  very  short.  In 
all  these  poitits  the  infant  approaches  more  closely  than  the 
adult  to  tlje  ape.    The  subsequent  great  rehitive  length  of  the 

(posterior  lin^bs,  which  grow  disproportionately  fa?t  in  cliild- 
hood  a£  compared  with  the  anterior,  makes  projrression  on 
them  more  rapid  by  giving  a  longer  stride  and  at  the  same 
time  makes  it  almost  im|»os6ible  to  go  on  "all  fours  **  except 
by  crawling  on  the  hands  and  knees.  In  other  Primates  this 
disproportion  between  the  anterior  and  posterior  limbs  does 
not  occur  to  nearly  the  same  extent. 

In  man  the  sktill  is  nearly  balanced  on  the  top  of  the 
veriebrnl  column,  the  occipital  condyles  which  articulate  with 
the  atlas  being  about  its  middle  (Fig.  30),  so  that  but  little 
lort  ia  needed  to  keep  the  head  erect.  In  four-footed  beiists, 
the  contrary,  the  skull  is  carried  on  the  front  end  of  the 
horizontal  vertebral  column  and  needs  special  ligaments  to 
snstain  it.  For  instance,  in  the  ox  and  sheep  there  is  a  great 
ehiistic  cord  running  from  the  cervical  vertebraB  to  the  back 

»of  the  sknil  and  h el j ping  to  bold  up  the  head.  Even  in  the 
highest  apes  the  skull  does  not  balance  on  the  top  of  the 
Bpinal  column;  the  face  part  is  much  heavier  than  the  back^ 
while  in  man  the  face  parts  are  relatively  stn alter  and  the  era- 
ninm  larger,  so  that  the  tM'O  nearly  equiiioise.  To  kee]*  the 
bead  erect  and  look  things  straight  in  the  face,  ^Mike  a  man/* 
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is  for  the  apes  far  more  fatiguing,  and  so  they  cannot  long 
maintain  that  position. 

The  human  spinal  column,  gradually  widfiiiing  -fi^o^n  the 
neck  to  the  sacrum,  is  well  fitted  to  sustain  the  weight  of  the 
head,  upper  limbs,  etc.,  carried  by  it;  and  its  ci.:  vatures, 
which  are  peculiarly  human,  give  it  considerable  elasticity 
combined  with  strength.  The  pelvis,  to  the  sides  of  which 
the  lower  limbs  are  attached,  is  proportionately  very  broad  in 
man,  so  that  the  balance  can  be  more  readily  maintained 
during  lateral  bending  of  the  trunk.  The  arched  instep  and 
broad  sole  of  the  human  foot  are  also  very  characteristic. 
The  majority  of  four-footed  beasts,  as  horses,  walk  on  the 
tips  of  their  toes  and  fingers;  and  those  animals,  as  bears  and 
apes,  wliich  like  man  place  the  tarsus  also  on  the  ground,  or  in 
technical  language  Are  plantigrade,  have  a  much  less  marked 
arch  there.  The  yaulted  human  tarsus,  composed  of  a  num- 
ber of  small  bones,  each  of  which  pan  glide  a  little  over  its 
neighbors,  hut  none  of  which  can  move  much,  is  admirably 
calculated  to  break  any  jar  which  might  be  transmitted  to 
the  spinal  column  by  the  contact  of  the  sole  with  the  ground 
at  each  step.  A  well-arched  instep  is  therefore  rightly  con- 
sidered a  beauty;  it  makes  progression  easier,  and  by  its 
springiness  gives  elasticity  to  the  step.  In  London  flat-footed 
candidates  for  appoint  iDciit  as  policemen  are  rejected,  as  they 
cannot  stand  the  fatigue  of  walking  the  daily  ''  heat." 


cnAPTER  va 

*^Hl:  STRUCTURK  AND  COMPOSITION   OF  BONE.     JOINTS. 

OroBd  Struct ur©  of  the  Bones.  The  bones  of  the  Body 
**Hve  all  a  similar  structuro  ami  coiupositioii,  but  on  uccoiuit 
**'  differences  iu  slmj>e  they  are  tlivided  hy  anatomists  into 
yit  folhiwing  groups:  (1)  Ltntff  boiffK%  more  or  loss  cylindrical 
m  form,  like  the  bones  uf  the  tlii^li  and  arm,  leg  and  foreiirm, 
metacarpus,  nietatarsns,  dngers  and  toes,  (2)  Tuhithu'  bottesj 
bthe  form  of  expanded  plates,  like  the  bones  on  the  roof  and 
Eidcii  of  tlie  skull,  and  the  shoulder-bla^les.  (3)  Short  hnuvSy 
rounded  or  angular  hi  form  and  not  nmch  greater  in  one 
(iiamoler  than  in  another,  like  the  honea  of  the  tarsus  and 
ctirpiit&.  (4)  Irregular  bone^,  jncUuling  all  which  do  not  fit 
well  into  any  of  the  preceding  groups,  and  comjiH>nly  lying 
in  the  middle  line  of  the  Body  and  divisible  into  similar 
balfes,  as  the  vertebra*.  IjiviTig  bones  Inive  a  bluish-wliite 
color  and  possess  considerable  elasticity,  which  is  best  seen  in 
long  slender  bones  snt?li  as  the  ribs. 

To  get  a  general  idea  of  tlie  struclure  of  a  bone,  we  may 
ielect  the  humerus  for  eisimi  nation.  Extern  ally  tn  the  fresh 
fltata  it  is  covered  by  a  ilim^e^  white  fibrous  membrane  very 
iliOldj  adherent  to  it  and  eiintaining  many  smalt  blood-vessels. 
Tliit  membrane  is  the  penostvum  ;  on  its  under  side  new 
osseous  tissue  is  formed  while  the  bone  i.^  still  growing,  and 
»11  through  life  it  is  concerned  in  maiutiiining  the  nutrition 
of  the  bone,  which  dies  if  it  be  stripped  otf.  The  periosteiun 
covers  the  wijolo  surface  of  the  bone  except  its  ends  in  the 
elbow  Mid  shoitMerJnitits;  tlie  surfaces  there  which  come  into 
contact  witli  other  bones  and  glide  over  tlieui  in  the  move- 
ments of  the  joint  have  no  periosteum,  but  are  covered  by 
p  thin  layer  of  giistle,  known  as  tlie  articular  cartilage.  Very 
^rly  in  the  development  of  tire  Body  the  bone  in  fact  was 
represented  entirely  by  cartilage;  but  afterwards  nearly  all 
this  WAS  replaced  by  osseous  tissue,  leaving  only  a  thin  car- 
tUagiuous  layer  at  the  cuds. 
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The  bone  itself,  Fig.  39,  consists  of  a  central  nearly  cyr 
drical  portion  or  shaft,  extending  between  the  dotted  lines  x 
and  z  in  the  figure^  and  two  enlarged  articular  eziremiiies. 


— Sm 


Fro.  31>.— The   riifht    liiiiini»ni»,  »een 
from  ihe  front.    For  d»iiioHptioii»  s«e 


Flo,  4<]i.^The  humerui 
t)t»t»ct<*d  lenirthMise.  a. 
niannow-oaTity;  b«  h4rd 
bone;  r,  sponjry  lK>ne; 
fl,  ArticuilAr  ciLrlilaire, 


On  the  upper  articular  extremity  is  the  ronnded  snrface, 
Cpf  which  euters  into  the  shonlder- joint,  fittiog  against  the 
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^'oDaid  cuvity  of  the  scapula;  and  on  the  lower  ure  the  sinii- 

*-*r  surfaces,  Cpltind  Tr,  wliich  artii^ulate  with  the  radius  and 

*^/na  resjiectively.     Besides  carrying  the   articular  surfaces, 

^^ch  extremity  presents  several  prominences.      On  the  upper 

*f^  those  marked  7'mj  and  7'm  (the  grmter  and  mnaiier  iro- 

^^nntern),  which  give  attachment  to   nuiscles;   and   similar 

^Oiinences,  the  eiietuud  and  iniermd  eoHfii/le>s^  El  and  Em^ 

**^  Been  on  the  lower  end.     Besiiles  these,  several  Jiony  ridges 

^^<1  rough  patches  on  the  shaft  indicate  places  to  which  mug- 

^l^s  of  the  arm  were  tixed. 

Internal  Structure.     If  the  bone  he  divided  longitudinally,(>JO 
it  will  be  seen  that  its  shaft  is  hollow,  the  .space  being  known  ( 
**e   the  medullary  cavil ff,  and  in  the  fresh  bone  tilled  with  ' 
marrow.     Fig.  40  represents  such  a  longitudinal  section.     It 
will  be  seen  that  the  marrow-cavity  does  not  reach  into  ttem^ 
iMBMl^lxtreniitieg,  but  tliat  there  tlie  bone  has  a  loose  spongy 
texture^  except  a  thin  layer  on  the  sitrfaee.     In  the  shaft,  on 
the  other  hand,  the  outer  compact  layer  is  much  tlie  thicker, 
tlje  spongy  or  rtf/<(Y'///r/^^/  hone  forming  only  a  thin   stratum 
i III  mediately  around    the  medullary    cavity.     To   the    naked 
eye  the  cancellated  bone  appears  made  up  of  a  trellis-work  of 
thin   bony  plates  which  intei*sect  in  all  directions  and  sur- 
round cavities  rather  larger  than  the  head  of  an  ordinary 
pin;    the  compact  bone,  on  the  contrary,  appears  to  have  no 
oivities  in  it  until   it  is  examined  with  a  magnifying-glass. 
Jn  the  gpaces  of  the  spongy  portion  lies,  during  life,  a  sub- 
nce  known  as  the  red  mar  row,  which  is  quite  different  from 
the  yellow  fatty  marrow  lying  in  the  central  cavity  of  the 
shaft. 

Microscopic  Structure  of  Bone.  The  microscope  shows 
that  the  compact  bone  cnntains  cavities  and  only  differs  from 
the  spongy  porlion  in  the  fact  tliat  these  are  much  gmiUler, 
and  the  hard  true  ^^mplatefl  surrounding  them  much  more 
mumiQ^us  in  proportion  than  in  the  spongy  parts.  If  a 
thin  transverse  section  of  the  shaft  of  the  humerus  be 
examined  (Fig.  41)  with  a  microscope  magnifying  twenty 
diameters,  it  w\]\  be  seen  that  nimierous  openings  exist  all 
OTcr  the  compact  parts  of  the  section  and  gradually  become 
larger  m  this  passes  into  the  cancellated  part,  next  the  mednl- 
laiy  cavity.  These  openings  are  the  cross-sections  of  tubes 
known  as  the  Haver hUih  canah,  wliich  ramify  all  through  the 
bone^  mnning  mainly  in  the  direction  of  its  long  axis,  but 


pin 


4tl,—A.  tk  fTansTersi-wctioii  of  thr  ulna,  nnhimlsixe;  sbowlnif  ihemcKlutl&fj 
B,  the  iijonp  <J»«t*p1)  eihad'Hl  pari  of  A  magulfi**!  tw^tit3*  cllanietfns. 


The  average  diameter  of  the  Haversian  canals  is  0.05  mm. 
Uh  of  m  inch). 

Aronnd  each  Haversian  eanal  lies  a  set  of  |>late8,  or  Jamellm,^ 
of  hard  bony  smbBtunce  (see  the  transverse  section  Fig.  41), 
each  eanal  with  its  himelljv  forniinir  an  ilaversuui  i^jfHtmn : 
and  the  wliole  bone  is  made  np  of  a  ninnber  of  such  systems, 
with  the  addition  of  a  few  laniellie  lyin^  in  the  corners  be- 
tween them,  and  a  certain  number  which  run  around  the 
whole  bone  on  its  outer  and  inner  surfaces.     In  the  spongy 
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^arte  of  the  bone  the  Haversian  canals  are  very  Uirge  iiiid  the 
kntervening  lanjelliie  few  iii  number. 

Between  the  lamellte  lie  small  cavities,  the  la€un(V,eiwli  of 

^hich  is  lenliciihir  in  form,  somewhat  like  the  space  which 

^■ifirmiMMt^^  -  ^"*'  wtnilil  bi3  incluseti  by  two  watch- 

SfB^StmK^^W^^'   ghtfi.^t's    joined     by    their    edges, 

Vf/HD  4^^lv>*f    ^   l^'rom  the  lacunar  many  extremely 

^ /V^R^  ^*-*f^  ^- » t  Vj  A    *bie  branching  canals,  the  vannli- 

M  r§V  '/      ^f4*iu*^*  "^iijJ    mlK  rmliate   and    penetrate   the 

y^/^l^f*     j»r>#^i{,^l    bony   lameihe    in    ail    directions. 

'      y  M^^      ■'^f.**V\\:    The  innermost  canaliculi  of  each 

^%f  JV^V    gystem  open  into  the  central  Ha- 

no  ft.-Athin  inn^tncjinaJsee.  versian  CEinal ;  and  those  of  various 

f  ixinc  D.«|fiiitkji  abotit  :i5t)  ]i^cium  intcrcommuuicating,  tiiese 

fine  tubes  form  ft  set  of  passages 

through  which  liquid  which  has  transuded  from  the  blood* 

teeseU   in   the   Haversian   canals  can  ooze  all    through   tlie 

bone.     Tlie  lacmue  and  canal iculi  are  shown  in  Fig,  4*1 

III  the  living  bone  a  granular  nucleated  cell  lies  in  each 
lacuna.  These  celk,  or  bfme-eorpuscles,  are  the  remnants  of 
those  which  built  up  the  bune,  the  hard  parts  of  the  hitter 
being  really  an  intercellular  substance  or  skeleton  forined 
around  and  by  these  cells,  much  in  tlie  same  way  as  a  calca- 
reous skeleton  is  formed  around  a  Foraminifer  by  the  activity 
of  ita  protoplasm.  By  the  co-ojjeration  of  all  the  boue- 
oorpuscle-8,  and  the  onion  of  their  skeletons,  the  whole  bone 
is  built  up. 

In  other  bones  we  find  the  same  general  arrangement  of 
the  parts,  an  outer  dense  layer  ami  an  inner  spongy  portion. 
In  the  flat  and  irregular  bones  tlicre  is  uo  medullary  cavity, 
and  the  whole  centre  is  filled  up  with  cancellated  tissue  with 
r«l  marrow  in  its  spaces.  For  example,  in  the  thin  bones 
roofing  in  the  skull  we  find  an  outer  and  an  inner  hard  layer  of 
compact  bone  known  as  the  aufe?^  and  iftner  tahle  resj>ectively, 
Ihe  inner  especially  being  very  dense.  Between  the  two  tables 
lies  the  spongy  boue,4;ed  in  color  to  the  naked  eye  from  the 
marrow  within  it,  and  called  the  diplm.  The  interior  of  the 
vertebrsB  also  is  entirely  oreupied  by  sj>ongy  bone.  Every- 
where, except  where  a  bone  joins  some  other  part  of  the  skel- 
eton, it  is  covered  by  the  periosteum. 

Chemical  Composition  of  Bone.     A[)art  from  the  hone- 
uscles  and  the  soft  conteTits  of  the  Haversian  canals  and 
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of  the  spaces  of  the  cancellated  bone,  the  bony  substance 
proper,  as  found  in  the  lamellae,  is  composed  of  earthy  and 
organic  }x>rtions  intimately  combined,  so  that  the  smallest 
distinguishable  portion  of  bone  contains  both.  The  earthy 
matters  form  about  two  thirds  of  the  total  weight  of  a  dried 
bone,  and  may  be  removed  by  soaking  the  bone  in  dilute 
hydrochloric  acid.  The  organic  portion  left  after  this  treat- 
ment constitutes  a  flexible  mass,  retaining  the  form  of  the 
original  bone;  it  consists  chiefly  of  an  SllJUiiiiuuItr,'  ossein, 
which  by  long  boiling,  especially  under  pressure  at  a  higher 
temperature  than  that  at  which  water  boils  when  exposed 
freely  to  the  air,  is  convertedj^nto  geMin,  which  dissolves 
in  the  hot  water.  Much  of  th^  gelatin  of  commerce  is  pre- 
pared in  this  manner  by  boiling  the  bones  of  slaughtered 
animals,  and  even  well-})icked  bones  may  be  used  to  form  a 
good  thick  soup  if  boiled  under  pressure  in  a  Papin's  digester; 
much  nutritious  matter  being,  in  the  common  modes  of  do- 
mestic cooking,  thrown  away  in  the  bones. 

The  earthy  salts  of  bone  may  be  obtained  free  from  organic 
matter  by  calcining  a  bone  in  a  clear  fire,  which  burns  away 
the  organic  matter.  The  residue  forms  a  white  very  brittle 
mass,  retaining  perfectly  the  shape  and  structural  details  of 
the  original  bone.  It  consists  mainly  of  normal  calcium 
phosphate,  or  bo/iC'Carfh  (Ca„2P0J;  but  there  is  also  pres- 
ent a  considerable  proportion  of  calcium  csrbonate  (CaCO,) 
and  smaller  quantities  of  other  salts. 

Hygiene  of  the  Bony  Skeleton.  In  early  life  the  bones 
are  less  rigid,  from  the  fact  that  the  earthy  matters  then  pres- 
ent in  them  bear  a  less  proportion  to  the  softer  organic  parts. 
Hence  the  bones  of  an  aged  person  are  more  brittle  and  easily 
broken  than  those  of  a  child.  The  bones  of  a  young  child 
are  in  fact  tolerably  flexible  and  may  be  distorted  by  any  con- 
tinued strain;  therefore  children  should  never  be  kept  sitting 
for  hours,  in  school  or  elsewhere,  on  a  bench  w^hich  is  so  high 
that  the  feet  are  not  supported.  If  this  be  insisted  upon  (for 
no  child  will  continue  it  voluntarily)  the  thigh-bones  will  al- 
most certainly  be  bent  over  the  edge  of  the  seat  by  the  weight 
of  the  legs  and  feet,  and  a  permanent  distortion  may  be  pro- 
duced. For  the  same  reason  it  is  important  that  a  child 
be  made  to  sit  straight  while  writing,  to  avoid  the  risk  of 
producing  a  lateral  curvature  of  the  spinal  column.  The 
facility  with  which  the  bones  may  be  moulded  by  prolonged 
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j)r€«3ure  in  early  life  is  well  seen  in  the  distorUoii  of  the 
ieet  of  Clniiese  ladies,  produced  by  keeping  tlioni  in  tight 
shoes;  and  in  the  extraordiriury  forms  which  some  raceB  of 
man  produce  in  their  Bkulls,  by  tying  boiirds  on  the  heads  of 
the  children. 

I'hroughout  tlie  whole  of  life,  moreover,  the  bones  roruuin 
among  the  maat-fittglly  modified  parts  of  the  Body  ;  altliongh 
JTuiL^ing  from  the  fata  tiutt  dead  bone«  are  tlie  most  permanent 
j>;irts  of  fossil  animals  we  might  be  inclined  to  think  other* 
wise.  The  living  honey  however,  is  constantly  undergoing 
changes  under  the  inlUiencc  of  tlie  protoplasmic  cells  im- 
lH?<lded  in  it,  and  in  tlie  living  Body  is  constantly  being  ab- 
sorbed and  reconstructed.  The  experience  of  pliysieians 
shows  tiiat  any  continued  pressure,  such  as  that  of  a  tumor, 
will  cause  the  absorption  and  disappearance  of  bone  almost 
quicker  than  that  of  any  other  tissue;  and  the  same  is 
true  of  any  other  continued  pressure.  Moreover,  during  life 
the  bones  are  eminently  plastic;  under  abnormal  prcf^surcs 
they  are  found  to  cpuekly  iissume  abnormal  shiipes,  lH?ing 
absorbed  and  disappearing  at  points  w^here  the  prcssiire 
18  most  powerful*  and  increasing  at  otlier  points;  tight 
lacing  may  in  this  way  produce  a  permanent  distortion  of 
the  ribs. 

When  a  bone  is  fractured  a  surgeon  should  be  called  in 
as  soon  as  possiblcj,  for  once  inflammation  has  set  in  and 
the  parts  have  become  swollen  it  is  much  more  ditlicnit  to 
place  the  broken  ends  of  the  bone  together  in  their  projier 
position  than  before  this  hiis  occurred.  Once  the  bones  are 
replaced  they  must  he  held  in  position  by  splints  or  bandages, 
Of   the  muscles  attached   to   them  will  soon  displace   them 

in.  With  rest,  in  young  and  healtliy  persons  complete 
thiion  will  commonly  occur  In  three  or  four  weeks;  but  in 
old  persons  the  process  of  healing  is  slower  and  is  apt  to  be 
imperfect. 

immiifttaona.  The  bones  of  the  skeleton  are  joined 
together  in  very  various  ways;  sometimes  so  as  to  admit 
of  no  movement  at  all  between  them ;  in  other  eases  so  as 
to  permit  only  a  limited  range  or  variety  of  movement;  and 
elsewhere  so  as  to  allow  of  very  free  movement  in  many 
directions.     All  kinds  of  tffitOttfi  between  bones  are  called  ur- 

Of  articulations  permitting  no   movements,  those  which 
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unite  the  majority  of  the  cranial  bones  afford  a  good  example. 
Except  the  lower  jaw,  and  certain  tiny  bones  inside  the  tem- 
poral bone  belonging  to  the  organ  of  hearing,  all  the  skull- 
bones  are  inimovably  joined  together.  This  union  in  most 
cases  occursby  means  of  toothed  edges  which  fit  into  one 
another  and  form  jagged  lines  of  union  known  as  sutufwsa. 
Some  of  these  can  be  well  seen  in  Fig.  29  between  the 
frontal  and  parietal  bones  (coronal  suture)  and  between  the 
parietal  and  occipital  bones  {Jambdoidal  suture);  while  an- 
other lies  along  tlie  middle  line  in  the  top  of  the  crown 
between  the  two  parietal  bones,  and  is  known  as  the  sagittal 
suture.  In  new-born  children  where  the  sagittal  meets  the 
coronal  and  lambdoidal  sutures  there  are  large  spaces  not  yet 
covered  in  by  the  neighboring  bones,  which  subsequently 
extend  over  them.  These  openings  are  known  as  fontanelles. 
At  them  a  pulsation  can  often  be  felt  synchronous  with  each 
beat  of  the  heart,  which,  driving  more  blood  into  the  brain, 
distends  it  and  causes  it  to  push  out  the  skin  where  bone  is 
absent.  Another  good  example  of  an  articulation  admitting 
of  no  movement  is  that  between  the  rough  surfaces  on  the 
sides  of  the  sacrum  and  the  innominate  bones. 

We  find  good  examples  of  the  second  class  of  articulations 
—those  admitting  of  a  alight  amount  of  movement — in  the 
vertebral  column.  Between  every  pair  of  vertebrae  from  the 
second  cervical  to  the  sacrum  is  an  elastic  pad,  the  interver- 
tebral disk,  wliich  adheres  by  its  surfaces  to  the  bodies  of  the 
vertebrje  between  wliich  it  lies,  and  only  permits  so  much 
movement  between  them  as  can  be  brought  about  by  its  own 
compression  or  stretching.  When  the  back-bone  is  curved  to 
the  right,  for  instance,  each  of  the  intervertebral  disks  is 
com})ressed  on  its  right  side  and  stretched  a  little  on  its  left, 
and  this  combination  of  movements,  each  individually  but 
slight,  gives  considerable  flexibility  to  the  spinal  column  as  a 
whole. 

Joints.  Articulations  permitting  of  movement  by  the  glid- 
ing of  one  bone  over  another  are  known  as  Joints,  and  all 
have  the  same  fundamental  structure,  although  the  amount 
of  movement  permitted  in  difTerent  joints  is  very  different. 

Hip-joint.  We  may  take  this  as  a  good  example  of  a  true 
joint  permitting  a  great  amount  and  variety  of  movement. 
On  the  OS  innominatum  is  the  cavitY.of  the  acetabulum  (Fig. 
43),  which  is  lined  inside  by  a  tliiii  layer  of  articular  carti" 
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la^e  which  has  an  extremely  smooth  surface.  The  bony  cup 
ia  also  deepened  a  littlt*  by  a  cartilagioouB  rim.  The  proximal 
end  of  the  femur  consists  of  a  nearly  spherical  smooth  head, 
terne  on  a  somewhat  narrower  neek,  and  fitting  into  the  ace- 
tabu  In  m.  This  head  also  is  covered  with  articular  cartilage ^ 
md  it  rolls  in  thy  aeetabuhim  like  a  ball  in  a  socket.  To 
keep  the  bones  together  and  limit  the  amount  of  movement, 
li game u fit  pass  from  one  to  the  other,  Tliese  are  composed 
of  white  fibrous  connective  tissue  (Chap,  VI II)  and  are  ex- 
tremely pliable,  but  quite  inextensible  and  very  strong  and 
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tough.  One  h  tlie  capsular  lifjament,  which  forms  a  sort  of 
loose  ]^|g  all  round  the  joint,  and  another  is  the  round  Ugn- 
wifAi/,  which  pa,sses  fn>t]i  tfie  aeetabuhim  to  the  head  of  tlie 
femur.  Should  the  hitter  rotate  above  a  certain  extent  in 
its  socket,  the  round  ligament  and  one  side  of  the  capsular 
ligament  are  put  on  the  stretch,  and  any  further  movement 
which  might  di'sforttfe  the  femur  (that  is,  remove  the  head 
from  it43  socket)  is  checked.  Covering  the  inside  of  the  cap- 
suliir  ligament  and  the  outside  of  the  round  ligament  is  a 
layer  of  flange  lis,  which  are  continued  in  a  modified  form 
over  the  articular  cartilages  and  form  the  J^^jnotfkil  membrane, 
Thisy  which  thus  forms  the  lining  of  the  joint,  is  always 
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moistened  in  bealtli  by  a  small  quantity  of  glairy  sr/norufi 
fluid,  something  like  the  white  of  a  raw  egg  in  consij^teucy^ 
and  playing  the  part  of  the  oil  w^ith  which  the  contiguous 
moving  surfaces  uf  a  niacliine  are  moistened;  it  makes  all 
run  smoothly  with  very  little  friction. 

In  the  natnral  state  of  the  parts,  the  head  of  the  femur  and 
the  bottom  and  sides  of  the  urerahulum  lie  in  close  contact, 
the  two  synovial  membranes  rubbing  together.  This  contact 
is  not  maintained  by  tl  i^'Uts,  which  are  too  loose  and 

gerve  only  to  check  exct-  i  ovement,  but  by  the  numerous 

stout  muscles  which  pass  from  the  thigh  to  the  trunk  and 
bind  the  two  firmly  together.  Moreover,  tlie  atmospheric 
pressnre  exerted  on  the  surface  of  the  Body  and  transmitted 
through  the  soft  parts  to  the  outside  of  the  air-tight  joint 
helps  also  to  keep  the  parts  in  contact.  If  all  the  muscles 
and  ligaments  around  the  joint  be  cut  away,  it  is  still  found  in 
the  dead  Body  that  the  head  of  the  femur  will  be  kept  in  its 
socket  l>y  this  pressure*  and  so  firmly  as  to  bear  the  weight  of 
the  whole  limb  without  dislocation,  just  as  the  pressure  of 
the  air  will  enable  a  boy's  *'  sucker'*  to  lift  a  tolerably  heavy 
stone, 

Bail-and'socket  Joints  Such  a  joint  as  that  at  the  hip  is 
called  a  ball-and-socket  joint  and  allows  of  more  free  move- 
ment than  aTjy  other.  Through  movements  occurring  in  it 
the  thigh  can  heJfSfSd,  or  bent  so  that  the  knee  approaches 
the  chest;  or  eset^nded,  that  is,  moved  in  the  opposite  direc- 
tion. It  can  be  abducted^  so  tlnit  the  knee  moves  outwards; 
and  addncted^  or  moved  back  towards  the  otlicr  knee  again. 
The  limb  can  also  by  mnvements  at  the  hip- joint  be  cireum- 
dttvhd,  that  is,  luade  to  describe  a  cone  of  which  the  base  is 
at  the  foot  and  the  apex  at  the  hip.  Finally*  raiation  can 
occur  in  the  joint,  so  that  with  knee  and  foot  joints  held 
rigid  the  toes  can  be  turned  in  or  out,  to  a  certain  extent,  by 
a  rolling  around  of  the  feuinr  in  its  socket. 

At  the  juuctiou  of  the  humerus  with  the  scaptila  is  another 
ball-and-socket  joint  j^ermitting  all  the  above  movements  to 
even  a  greater  extent.  This  greater  range  of  motion  at  tlio 
shoulder-joint  depends  mainly  on  the  ^shallowness  of  the 
glenoid  cavity  as  con) pared  with  the  acetabulum,  and  upon 
the  absence  of  any  ligament  answering  to  the  round  ligament 
of  the  liip- joint.  Another  ball-and-socket  joint  exists  between 
the  carpus  and  the  metacarpal  bone  of  the  thumb;  and  others 
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'with  the  same  vanet}%  but  u  much  less  range,  of  niovenient 
knween  each  of  the  reiimiiiing  metacarpiil  bones  aiiti  the 
pruxinial  jiiiakux  of  tiie  titiger  which  articulates  with  it. 

Hinge-joints.  Another  forni  of  synovial  joint  is  known  as 
a  /tiftf/t-joint.  In  it  the  articuhitiiig  bony  sorface.s  arc  of 
siich  shape  as  to  permit  of  Tnovemeiit,  to  and  fro,  in  one  plane 
only,  like  a  door  on  its  hinges.  The  joints  between  the  pViH' 
Imges  ol  the  fingers  are  good  cxaniplei?  of  hinge-jnints.  If 
no  move  men  t  be  allowed  wliere  ihe  finger  Joins  the  palm  of 
the  luiixd  it  will  be  fonnd  that  each  can  be  bent  and  straight- 
eued  at  its  own  two  joints,  bat  not  moved  in  jiny  otlier  way. 
The  knee  is  also  a  hinge-joint,  as  ts  the  artienlation  between 
the  lower  jaiv  and  the  biise  of  the  eknll  wliteh  jdlows  ns  to 
opi2U  and  close  ouv  mouths.  The  hitler  i?!»  however,  tfut  a 
perifict  hinge-joint,  since  it  permits  of  a  small  amonnl  of 
luieral  movement  8uch  as  occurs  in  chewing,  and  also  of  a 
gliding  movement  by  wliich  the  h>wer  jaw  can  be  thrust  for- 
ward so  a3  to  protrude  the  chin  and  bring  the  lower  row  of 
t4^*eth  outside  the  upper. 

Pivot-jointB.  In  this  form  one  bone  rotates  around 
another  which  remains  stationary.  We  liave  a  gooil  example 
of  it  between  the  first  and  second  cervical  vertebrae  Tlie 
first  cervical  vertebra  or  (7tfrm'{F}g.  22}  has  a  very  small 
body  and  a  very  large  arch,  and  its  neural  canal  is  subdivided 
by  a  transverse  ligament  (L,  Fig.  22)  into  a  dorsal  and  a  ven* 
tnil  portion;  in  the  former  the  j^pirnd  cord  lies,  The  seef)nd 
Terttjbra  or  axh  (Fig,  23)  has  arising  from  its  body  the  stout 
bony  peg^  />,  called  the  odon to ni  process.  This  projects  into 
the  ventral  portion  of  the  space  surrounded  l>y  the  atlas,  and, 
kept  ill  place  there  by  tlie  ininsverse  ligament,  forms  a  pivot 

nnd  which  the  ath»g.  carrying  the  skull  with  it,  rotates 
when  we  turn  the  bend  from  side  to  side.  The  joints  on  each 
«de  between  the  atJas  aiul  the  skidl  are  hinge- joints  and  per- 
mit only  the  movements  of  nodding  ami  raising  the  head. 
When  the  head  is  leatJed  over  to  one  side,  the  cervical  part  of 
the  spinal  colnmn  is  b<*nt. 

Another  kind  of  invot-joint  is  seen  in  tlie  forearm.  If 
the  lintb  be  held  straight  out,  with  the  palm  up  and  tfie  elbow 
resting  on  the  table,  so  that  tlie  shon Id er- joint  be  kept  steady 
while  the  hand  is  rotated  until  its  back  is  turned  upwards,  it 
will  be  found  that  the  radius  has  partly  rolled  round  the  ulna. 
When  the  palm  is  npwards  and  the  thumb  outwards,  the 
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lower  eod  of  the  radius  can  be  felt  on  the  outer  side  of  the 
forertriu  just  above  the  wrist,  iiud  if  this  be  done  while  the  hand 
18  turning  over,  it  will  i>e  \^ivi\\y  discerned  that  during  ih& 
niOYement  this  end  of  the  radius,  carrying  the  hand  with  it,, 
travels  arouml  the  lower  end  of  the  ulna  so  as  to  get  to  it«. 
iuner  side.  The  relative  positioTi  of  t!ie  bones  when  the  palzn. 
is  upwards  is  shown  at  A  in  Fig.  44,  and  wlien  the  palm  » 

down  at  B.  The  former  position 
assupitialioH  ;  the  latter 
ton,  Tlie  eiliowend  of 
rus  (Fig.  3U)  bears  a 
lurge  articular  surface:  on  the 
inner  two  thirds  of  this,  Tr,  the 
ulna  fits,  and  the  ridges  and 
grooves  of  both  bones  interlock- 
ing form  a  hinge- joint,  allowiog 
on!y  of  bending  or  straightening 
th<?  forearm  on  the  arm.  The 
mdiws  fits  on  the  rounded  outer 
third,  QV,  and  forms  there  a  bidl- 
and -socket  joint  at  wiiich  the 
movement  takes  place  when  the 
hand  is  turned  from  the  supine 
to  the  prone  position;  the  ulna 
forming  a  fixed  bfir  around  which 
the*  lower  end  of  the  radius  is 
moved. 

Gliding  Joints.  These  per- 
mit as  a  rule  but  little  movement: 
examples  are  found  between  the  closely  packed  bones  of  the 
MmiF  (Fig.  38)  and  carpus,  which  slide  a  little  over  one 
another  when  subjected  to  presstire. 

Hygiene  of  the  Joints.  When  a  bone  is  displaced  or 
disloadid  the  ligalnelltg  arotnnl  the  joint  are  more  or  less 
torn  and  other  soft  parts  injured.  This  soon  leads  to  inflam- 
mation and  sw^elling  which  make  not  only  the  recognition  of 
the  injury  but,  after  diJignosiK,  the  rephicement  of  the  bone, 
or  the  rcdui'fiitH  of  the  dijihraiimi,  difficult.  Moreover  t!je 
muscles  attached  to  it  constantly  pull  on  the  displaced  bone 
and  drag  it  still  fartlier  out  of  place;  so  that  it  is  of  great 
importance  that  a  dislocation  be  reduced  as  soon  as  possible. 
lu  most  cases  this  can  only  be  attempted  with  safety  by  one 
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who  knows  the  form  of  the  bones,  and  possesses  sufficient  ana- 
tomical knowledge  to  recognize  the  direction  of  the  displace- 
ment. No  injury  to  a  joint  should  be  neglected.  Inflamma- 
tion once  started  there  is  often  difficult  to  check  and  runs  on, 
in  a  chronic  way,  until  the  "YMYiftL  surfaces  are  destroyed, 
and  the  two  bones  perhaps  gciiw  together,  rendering  the  joint 
permanently  .fHUtm  A  sprained  joint  should  get  immediate 
and  complete  rest,  for  weeks  if  necessary,  and  if  there  be 
much  swelling,  or  continued  pain,  medical  advice  should  be 
obtained.  An  improperly  cared-for  sprain  is  the  cause  of  many 
1  useless  ankle  or  knee. 


CHAPTER  VIIL 
CARTILAGE  AND  CONNECTUT:  TISSUE. 

Temporary  and  Permanent  Cartilages.  In  early  life  a 
great  many  parts  of  tlie  supporting  framework  of  the  Body, 
which  afterwards  become  bone,  consist  of  cartilage.  Such  for 
example  is  the  case  with  all  the  vertebrse,  and  with  the  bones 
of  the  limbs.  In  these  cartilages  subsequently  the  process 
known  as  oasification  takes  place,  by  wliich  a  great  portion  of 
the  original  cartilaginous  model  is  removed  and  replaced  by 
true  osseous  tissue.  Often,  however,  some  of  the  primitive 
cartilage  is  left  throughout  tlie  whole  of  life  at  the  ends  of 
the  bones  in  joints  wliere  it  forms  the  articular  cartilages; 
and  in  various  otlier  places  still  larger  masses  remain,  such  as 
the  costal  cartilages,  those  in  the  external  ears  forming  their 
framework,  others  finishing  the  skeleton  of  the  nose  which  is 
only  incompletely  bony,  and  many  in  internal  parts  of  the 
Body,  as  the  cartilage  of  "  Adanrs  aj)ple,"  which  can  be  felt 
in  tlie  front  of  the  neck,  and  a  number  of  rings  around  the 
windpipe  serving  to  keep  it  open.  These  persistent  masses 
are  known  as  the  permanent,  the  others  as  the  temporari/ 
cartilages.  In  old  age  many  so-called  permanent  cartilages 
become  ralcijied— that  is,  hardened  and  made  unyielding  by 
deposits  of  lime-salts  in  them — without  assuming  the  histOkia* 
logical  character  of  bone,  and  this  calcification  of  the  perma- 
nent cartilages  is  one  chief  cause  of  the  want  of  pliability  and 
suppleness  of  the  frame  in  advanced  life. 

Hyaline  Cartilage.  In  its  purest  form  cartilage  is  flexi- 
ble and  elastic,  of  a  pale  bluish-white  color  when  alive  and 
seen  in  largo  masses,  and  cuts  readily  with  a  knife.  In  thin 
pieces  it  is  quite  transparent.  Everywhere  except  in  the 
joints  it  is  invested  by  a  tough  adherent  membrane,  the  peri- 
chondrium,  which  resembles  in  structure  and  function  the 
periosteum  of  the  bones.  When  boiled  for  a  long  time  in 
water,  such  cartilages  yield  a  solution  of  chondrifi,  which 
differs  from  gelatin  in  minor  points,  but  agrees  with  it  in  the 
fact  that  its  solution  in  hot  water  "  sets  "  or  gelatinizes  on  cool- 
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When  a  thin  slice  uf  hyaline  cartilage  is  examined  with 
a  microscope  it  is  found  (Fig.  45)  to  consist  of  graiinlar  imcle- 
ited  cells,  often  collected  into  j^Toups  of  two,  fonr,  or  more, 
Bcattered  through  a  honao^eneons  or  faintly  unmnlar  gronnd- 
snbgtance  or  mafrt,i\  K f^s en ti silly,  niirtihigiL*  resemhlos  bone, 
being  made  up  of  protophisnnc  cells  and  a  proportionately 
large  limount  of  non-protojdasndc  intercellular  substance,  the 


Flo.  4&— A  liifn  ftlft^  or  cartiln^tv  mafriiiflifK  to  ^how  the  cellH  imbedd«*d  in  tb« 
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celU  being  the  more  actively  living  part  and  the  matrix  Their 
product.  Examples  of  tins  Iiffttitj/e  variety  (so  called  from 
its  glassy  transpareTit  appcjiranfe)  are  found  in  all  the  tempo- 
rary cartilages,  and  in  the  costid  and  articular  among  the 
permanent. 

Cartilages  rarely  contain  blood-vessels  except  at  points 
where  a  temporary  cartihige  is  beini]^  rem n veil  and  rejdfnxHl 
by  bone;  then  blood-vessels  rnn  in  from  the  perinhondrium 
and  form  loops  in  the  matrix,  around  which  it  is  absorbed 
and  bony  tissue  de]>oBited.  In  conseqnenoc  of  the  usual 
abificnce  of  blood-vessels  the  nutritive  processes  and  exclianges 
of  material  must  be  snndl  and  8low  in  cartilage,  as  miglit  ir»- 
deed  be  expected  from  tire  pai^sive  and  merely  mechanical 
rfile  which  this  tissue  plays. 

Hyaline  cartilage  is  tlie  type,  or  mtjst  characteristically 
developed  form,  of  a  tissne  found  with  niorliti  rat  ions  else- 
where in  the  Body.  **ne  of  its  other  modifications  is  the  so- 
called  cellular  ettrtilatfe,  which  consists  of  the  cells  witlj 
hardly  any  matrix*  only  just  enough  to  form  a  thin  mpsiile 
around  each.     This  form   is   tliat  with  which  all   the  carti- 
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lages  commence,  the  hyaline  variety  being  built  up  by  the  in- 
crease of  the  cell-capsules  and  their  fusion  to  form  the  ma- 
trix. It  persists  throughout  life  in  the  thin  cartilaginons 
plate  of  a  mouse's  external  ear.  Other  varieties  of  cartilage 
are  really  mixtures  of  true  cartilage  and  connective  tissues, 
and  will  be  considered  after  the  latter. 

The  Connective  Tissues.  These  complete  the  skeleton, 
marked  out  in  its  coarser  features  by  the  bones  and  cartilages, 
and  constitute  the  final  group  of  the  supporting  tissues. 
They  o(Scwv  in  all  forms,  from  broad  membranes  and  stout 
cords  to  the  finest  threads  forming  networks  around  the  other 
ultimate  histological  elements  of  various  organs.  In  addition 
to  subsidiary  forms^  three  main  varieties  of  this  tissue  are 
readily  distinguishable,  viz.,  areolar,  white  fibrous,  and  yellow 
elastic.  Each  consists  of  fibres  and  cells,  the  fibres  being  of 
two  kinds,  mixed  in  nearly  equal  proportions  in  the  areolar 
variety,  while  one  kind  predominates  in  one  and  another  in 
the  second  of  the  remaining  chief  forms. 

Areolar  Conneotive  Tissue.  This  exists  abundantly  be- 
neath the  skin,  where  it  forms  a  loose  layer  which  permits 
the  skin  to  be  moved,  more  or  less,  to  and  fro  over  the  sub- 
jacent parts.  Areolar  tissue  consists  of  innumerable  bands 
and  cords  interlacing  in  all  directions,  and  can  be  greatly  dis- 
tended by  blowing  air  in  at  any  point,  from  whence  it  travels 
widely  through  the  intercomnuinicating  meshes:  if  dried 
while  distended  it  is  somewhat  like  raw  cotton  in  appearance 
but  Tiot  so  white.  In  dropsy  of  the  legs  or  feet  the  cavities 
of  this  tissue  are  distended  with  lymph,  which  in  health  is 
present  only  in  sufficient  quantity  to  moisten  them.  From 
beneath  tlie  skin  the  areolar  tissue  extends  all  through  the 
Body  between  the  muscles  and  around  the  blood-vessels  and 
nerves;  and  still  finer  layers  of  it  enter  into  these  and  other 
organs  antl  UTiite  their  various  parts  together.  It  constitutes 
in  fact  a  soft  packing  material  which  fills  up  the  holes  and 
corners  of  the  Hody,  as  for  instance  around  the  blood-vessels 
and  between  the  muscles  in  Fig.  4. 

Miorosoopio  Structure  of  Areolar  Tissue.  When  exam- 
ined with  the  niic.roscoi)e  areohir  tissue  is  seen  to  consist  of 
nucleated  cells  imbedded  in  a  ground -substance  which  is  per- 
meated by  fibres.  The  fibres  everywhere  form  the  predomi- 
nant feature  of  the  tissue  (the  homogeneous  matrix  and  the 
cells  being  inconspicuous)  and  are  of  two  very  different  kinds. 
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In  a  strict  sense  indeed  the  areolar  tissue  ought  to  be  consid- 
rreii  as  a  mixture  of  two  tissues,  one  corresponding  to  each 
vsiriety  of  fibres  in  it.  It  is  rharacterized  by  its  loose  texture 
md  by  the  fact  that  the  two  forms  of  tihres  jire  present  in 
iboDt  equal  quantities.  In  many  places  it  tissue  contiiiuing 
the  twrne  histological  elements  m  the  areolar  tissae  is  found 
in  the  form  of  dense  membranes,  us  for  example  perijisteum 
and  perichondrium. 

White  Pibroua  Tissue.  Une  of  the  varieties  of  fibres  per- 
vading the  nuitrix  of  areolar  tissue  exists  almost  unmixed 
with  the  other  kind  in  the  cords  or  iemhuH  which  unite  nius- 


Fio.  4«  Fi©.  46(1. 
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eles  to  the  bones.  ThiH  form,  known  as  the  white  fibro tin  con* 
n^eiive  (isnue,  is  also  found  fairly  pure  in  the  ligaments  around 
most  joints,  Phy*=«i*"ally  it  is  very  JiexibU"  but  extretuely 
tough  and  inextensible,  so  that  it  will  readily  bend  in  any 
diroction  but  is  rery  hard  to  break;  when  fresh  it  has  an 
opaque  white  color 

White  fibrong  tissue  (Fig.  46)  consists  of  a  matrix,  contain- 
ing cavities  in  which  eells  lie*  and  pervaded  by  bundles  of 
extremely  fine  libres.     These  fibres  run  in  each  bundle  toler- 
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ably  parallel  to  one  another  in  a  wavy  ooune  (Fig.  46)  and 
I  never  branch  or  unite.  Their  diameter  varies  from  0.0005  to 
O.OOI  millimeter  (T^ioir  to  j^^m,  of  an  inch). 

Chemically  this  tissue  is  characterized  by  the  fact  that  its 
fibres  swell  up  and  become  indistinguishable  when  treated 
with  dilute  acetic  acid,  tind  by  the  fact  that  it  yields  gristhr 
when  boiled  in  water.  The  substance  in  it,  called  ossein  in 
bones,  which  is  turned  into  gelatin  by  such  treatment,  is  here 
known  as  collagen.  Glne  is  impure  gelatin  obtained  from 
tendons  and  ligaments,  and  calf's-foot  jelly,  so  often  recom- 
mended to  invalids,  is  a  purer  form  of  the  same  substance 
obtained  by  boiling  the  feet  of  calves,  which  contain  the  ten- 
dons of  many  muscles  pjissing  from  the  leg  to  the  foot. 

Elastic  Tissue.  This  is  almost  invariably  mixed  in  some 
proportion  in  all  specimens  of  white  fibrous  tissue,  even  the 
])urest,  such  as  the  tendons  of  muscles;  but  in  certain  places 
it  exists  almost  alone,  as  for  example  in  the  ligaments  {liga- 
menfa  suhflava)  between  the  arches  of  the  vertebrae,  and  in 
tlie  coats  of  the  larger  arteries.  In  quadrupeds  it  forms  the 
great  ligament  already  referred  to  (p.  83),  which  helps  to  sus- 
tain the  head.  This  tissue,  in  mass,  is  of  a  dull  yellow  color 
and  extremely  extensible  and  ehistic;  when  purest  nearly  as 
much  so  as  a  piece  of  india-rubber.  Sometimes  it  appears 
under  the  microscope  to  be  made  up  of  delicate  membranes, 
but  more  often  it  is  in  the  form  of  fibres  (Fig.  46rt)  which  are 
coarser  than  those  of  white  fibrous  tissue  and  frequently 
branch  and  unite.  It  is  unaffected  by  acetic  acid  and  does 
not  yield  gelatin  when  boiled  in  water. 

Connective-tissue  Corpuscles.  The  fibres  of  white  fi- 
brous tissue,  wherever  it  is  found,  are  united  into  bundles  by 
a  structureless  ground-material  known  tis  the  cemetit'Sub- 
stance,  which  also  invests  each  bundle,  or  skein  as  we  may 
call  it,  witli  a  delicate  coating.  In  this  ground -substance  are 
numerous  cavities,  branched  and  flattened  in  one  diameter, 
and  often  intercommunicating  by  their  branches.  In  these 
cavities  lie  nucleated  masses  of  protoplasm  (Fig.  47),  fre- 
quently also  branched,  ktiown  as  the  connect ive-t issue  cor- 
puscles. These  it  is  which  build  up  the  tissue,  each 
cell  in  the  course  of  development  forming  around  it  a 
quantity  of  intercellular  substance,  which  subsequently  be- 
comes fibrillated  in  great  part,  the  remainder  forming  the 
cement.    The  cells  do  not  quite  till  the  cavities  in  which  they 
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lie,  and  the^e  opening  into  others  by  their  offsets  there  is 
^<^rmed  a  set  of  minute  tubes  ramifying  through  the  con- 
^^Ttite  tissDes;  and  (since  these  in  turn  permeate  nearly  all 
^y  Body)  pervading  nil  the  organs*  In  these  cell-cavities 
^'Jd  their  branches  the  lymph  Eows  before  it  enters  definite 
(i^iuphatlc  Yedsels^  and  they  are  accordingly  known  as  lymph 
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l47.— ronn*HtUv«?-ibwue  ctupUKclej* :  n.  from  AnMilar  ti««ue  ;  ^  f rom  tendoa  ; 

^3ffA  111  addition  to  the  fixed  branched  connective- 

ticri-iii'  *^M  i>uscles  there  are  often  found  other  cells,  when  I[vi4ig 
nonntjctive  tissue  is  examined,  1'liese  cells  much  resemble 
whit^  blood-corpuscles,  and  probably  ure  such  which  have 
bored  through  the  walls  of  the  liner  blood-vessels.  They 
crui^p  about  along  the  canaltcidi  by  means  of  their  faculty 
of  atiKsboid  movement,  and  stre  known  as  the  '*  wauderiug 
cells/* 

SubBidiary  Varieties  of  ComiBctive  Tiseuo  — In  various 
parts  of  tlie  Body  are  conueciive-tissue  structures  which  have 
not  undergone  the  typical  development,  but  have  departed 
from   it  in  oue  way  or  smother.     The  cells  having  formed  a 

[.ium-fibrillated  intercellulai:  substance  around  tliem,  develoj)- 
ment  may  go  no  farther  and  the  mass  remain  permanently  as 
the  jdiylike  t'OUNf^rtire  /ts,sHe  ;  or,  as  in  the  vitreous  humor 
of  the  eye  (Chap.  XXX f),  the  cells  having  formed  the  soft 
matrix*  may  disappear  and  leave  the  latter  only.  In  other 
eascg  the  intercellular  substance  disappears  and  the  cells 
brunch irig,  ami  joining  by  the  ends  of  their  branches,  form  a 
network  themselves,  nucleated  i>r  not  at  the  points  answering 

.la  tlid  centre  of  each  originally  separate  cell.  This  is  known 
tdtf  connective  tissue.  In  other  cases  the  cells  almost 
atone  constitute  the  tissue,  liecnming  flattened,  closely  fitted 
at  their  iHjgef,  and  united  by  a  very  small  amount  of  cement- 
substance.  Membranes  formed  in  this  way  lie  beneath 
epitbelinm   in  many   places    ancl    are   known  as  baaeruent' 
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mefnbranes:  the  flat  cells  (Fig.  11,  b)  which  form  the 
•epithelium  of  the  serous  cavitie^are  themselves  a  layer  of 
modified  coniiedive^tissue  corpuscles. 

In  brain  and  spinal  cord,  protecting  and  supporting  the 
nerve- tissues,  are  found  branched  cells  forming  the  neuroglia. 
They  are  not  true  connective  tissue,  but  correspond  to  cells 
of  the  horny  layer  of  the  epidermis,  shut  in  when  the 
medullary  canal  was  closed  in  the  embryo. 

Elastic  Cartilage  and  Fibro-cartilage.  We  may  now 
return  to  cartilages  and  consider  those  forms  which  are  made 
up  of  more  or  less  true  cartilage  mixed  with  less  or  more  con- 
nective tissue  of  one  kind  or  another.  The  cartilages  of  the 
ear  and  nose  and  some  others  have  their  matrix  pervaded  by 
fine  branching  fibres  of  yellow  elastic  tissue,  which  form  net- 
works around  the  groups  of  cartilage-cells.  Such  cartilages 
are  pliable  and  tough  and  possess  also  considerable  extensibil- 
ity and  elasticity.  They  are  known  as  elastic  or,  from  their 
color,  as  yellow  cartilages.  Elsewhere,  especially  in  the  carti- 
lages which  lie  between  the  bones  in  some  joints,  we  find 
forms  which  have  the  matrix  j>ervaded  by  white  fibrous  tissue 
and  known  as  fibro-cartilages.  For  example  the  articular 
cartilage  on  the  end  of  the  lower  jaw  does  not  come  into 


Fio.  48.— Section  through  th«  joint  of  the  lower  law  showing  its  intentriicular 
flbro  cartilajfe,  x,  with  the  synovial  cavity  on  each  side  of  it. 

direct  contact  with  that  covering  its  socket  on  the  skull,  but 
lying  between  the  two  in  the  joint  (Fig.  48)  is  an  inierartic- 
idar  fibro-cartilage :  similar  cartilages  exist  in  the  knee-joint; 
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and  the  intervertebral  disks  are  also  made  up  of  this  tissue. 
Bath  elastic  cartilage  iind  fibro-cartilage  often  shade  off 
inseiiaibly  into  pure  elastic  or  pore  white  librous  connective 
tissne. 

Homologies  of  the  Suppcirtmg  Tissues.  Done,  cart  ilage, 
and  connective  tissue  all  agree  in  broad  structural  characters^ 
and  in  the  nses  to  wbich  they  are  applied  in  the  Body.  In 
each  of  them  the  cells  which  have  htiilt  np  tlie  tissue,  with 
few  exceptions,  form  an  inconspicuous  part  of  it  in  its  fully 
developed  state,  the  chief  mass  of  it  consisting  of  intercel!nhir 
substance.  In  hyaline  cartilages  this  latter  is  not  librillated; 
but  these  cartilages  pfww*  in«©iui44^^  in  various  regions  of  the 
Body  into  elastic  or  fibro-cartihiges,  and  these  latter  in 
turn  into  elastic  or  fihrous  connective  tisstie.  The  lamellie 
of  bone,  too,  when  peeled  off  a  bone  softened  in  jicid  and 
examined  with  a  very  high  magnify iug  power,  are  seon  to  be 
j>ervaded  by  fine  fibres,  JS true tu rally,  therefore,  one  can 
draw  no  bard  and  faat  line  between  these  tissues.  The  same 
is  tnie  of  their  chemical  composition;  bone  and  white  fibrous 
tissue  contain  a  substance  (collagen)  which  is  converted  into 
platin  when  boiled  in  water;  and  in  old  people  many  carti- 
lages become  hardcTied  by  the  deimsit  in  their  matrix  of  the 
same  lime-saUs  wliicJi  give  its  tiarducss  to  bone.  Further, 
the  developmental  history  of  all  of  them  is  much  alike.  In 
very  early  life  each  is  represented  by  oaUft-4Mily :  these  form 
an  intercellular  substance,  and  tliia  subsequently  may  become 
brillated,  or  calcified,  or  both.  Finally  they  all  agree  in 
manifesting  in  health  no  great  physiological  activity,  their 
nse  in  the  Body  depeudiug  upon  the  mecliauical  properties 
of  their  intercellular  portions. 

The  close  alliance  of  all  three  is  further  shown  by  the 
frequency  with  which  they  replace  one  another.  All  the 
bones  and  cartilages  of  the  adult  are  at  ^t  represented  only 
by  collections  of  connective  tissue.  Before  or  after  birth  this 
is  in  some  cases  aiLbatitTif.ed  by  bone  directly  (as  in  the  case  of 
the  collar-bone  and  the  bones  on  tlie  roof  of  the  skull),  while 
in  other  cases  cartilage  supplants  the  connective  tissue,  to  be 
afterwards  in  many  places  replaced  by  Wm^  while  elsewhere 
it  remains  througbont  life. 

Moreover  in  different  adult  auiuials  we  often  find  the 
same  part,  bony  in  cue,  cartilaginous  in  a  second,  and  com- 
posed of  oonn^ettVFtissne  in  a  third:  so  that  these  tissues 
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not  only  represent  one  another  at  different  stages  in  the  lifeJ 
of  the  same  animal  but  permanently  thruugbout  the  whole 
]]fe  of  different  animals.  Low  in  the  animal  scale  we  find 
them  all  represented  merely  by  cells  with  structureless  tiiter- 
celUilar  substarit-c:  a  little  higher  in  tlie  seule  the  latter 
becomes  tibrilUteU  and  forms  distinct  connective  tissue. 
In  the  hiL^lu'^t  Midhisks  (as  the  cnttle-lishes)  this  is 
partly  rq^lu^oil  by  cartilage,  and  the  same  is  true  of  the  low*! 
est  fishes;  while  in  some  other  fishes  and  the  remainii  ^ 
Vertebrates  we  tind  more  or  \^m  boii^Jip  pea  ring  in  place  of 
the  original  connective  tissue  or  cartilage. 

From  the  similarity  of  their  modes  of  development  and 
fundamental  Ktnieture,  the  triinsitiomd  fornu^  wl.ieh  exist 
between  tliem,  and  the  frerjueney  with  wliieh  they  replace 
one  another,  histologists  ehi^  the  three  (bone,  cartilage,  aiid 
cunuective  tissue)  together  as  hmnoIogouH  tUsues  and  regard 
tliem  4is  dilTereiitiatii*ns  of  the  sajne  original  structure. 

Hygienic  Remarks.  Since  in  the  new*-born  infant  many 
parts  which  W'ill  ultimately  become  bone  consist  only  of  car- 
tilage, the  young  child  requires  food  which  shall  contain  ^^ 
large  pro|Hirtiun  of  ihe  lime-ealts  which  are  used  in  building^ 
up  bone»  Nature  jnovides  this  in  the  milk,  which  is  rich  in 
such  aalts  (see  Chap,  XXlb  and  no  other  food  can  thoroughly 
rephiee  it.  Long  after  infancy  milk  should  form  a  large 
part  of  a  child's  diet.  Many  children  though  given  food 
abundant  in  quantity  are  really  starved,  since  their  food  does 
not  contain  in  sufficient  amount  the  mineral  salts  requisite 
for  their  healthy  deveb>]rment. 

At  birth  even  those  bones  of  a  child  which  are  most  ossi- 
fied are  often  not  continuous  masses  of  osseous  tissue.  In  the 
humerus,  for  example,  tlie  shaft  of  the  bone  is  well  cwsBTfTed 
and  so  is  each  end,  hut  between  the  ahafts  and  each  of  the 
articular  extremities  there  still  remains  a  caritlagitioUB  layer, 
and  at  those  points  the  bone  increases  in  length,  new  cartilage 
being  formed  and  replaced  by  bone.  The  bone  increases  in 
thickness  by  new  osseous  tissue  formed  beneath  the  perios- 
teuuL  The  same  thing  is  true  of  the  bones  of  the  leg.  On 
account  of  the  largely  cartilaginous  and  imperfectly  kriit 
state  of  its  bones,  it  is  cruel  to  encourage  a  young  child  to 
walk  beyond  its  strength,  and  may  lead  to  "bow-legs'*  or 
other  permanent  distortions,  Nevertheless  here  as  elsewhere 
in  the  auimal  body,  moderate  exercise  promotes  the  growth  of 
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tte  tiMuet^  coiicerneil,  and  it  is  uearly  as  liad  to  wheel  ti  child 

Mbont  forever  in  a  baby-carriage  as  to  force  it  to  over  exertion. 

The  beet  rule  is  to  let  a  healthy  child  use  its  limbs  when 

^•'    feels  inclined,  but  nsA  by  praise  or  blame  to  incite  it  to 

efforts  which  are  beyond  its  age,  and  so  sacrifice  its  healthy 

K^owth  to  the  vanity  of  parent  or  nurse. 

The   final    knitting  together  of  the  bony  articnlar   ends 
'^"ilh  tlie  shaft  of  niatiy  bones  takes  place  only  cunipitratively 
l^te  in  life,  and  the  age  at  which  it  occurs  varies  murh  in 
^  iffeient  bones.     Generally  speaking,  a  layer  of  cartilage  re- 
^^uiins  between  the  aliaft  and  lire  ends  of  the  bone,  nntil  the 
laitt^jT   has  attained  it«   full   udtdt    length.     To   take   a   few 
Examples  :   the   lower   articular   extremity   of   the   humerus 
only  becomes  continuous  with  the  shaft  by  bony  tissue  iu  the 
sixteenth  or  seventeenth  yeiir  of  life.     The  upper  articular 
extremity  only  joins   the  shaft   by  bony  continuity   jti    the 
twentieth  year.     The  upper  end  of  the  femur  joins  the  shaft 
by  bone  from  the  seventeenth  to  the  nineteenth   year,  and 
the  lower  end  during  the  twentietli.     In  the  tibia  the  upper 
extremity  and   the  .sfiaft  unite  in  the  twenty-first  year,  and 
the  lower  end  and  the  shaft  in  the  eighteenth  or  nineteenth  : 
while  in  the  fibula  the  up|>er  end   joins   the   shaft    in    the 
twenty-fourth  year,  and  the  lower  end    in  the  twenty-first. 
The  separate  vertebne  of  the  aacruni  are  oidy  united  t<«  form 
onr  Ijoue  in  the  twenty-flfth   year  of  life;   and    the  ilium, 
jftkilllli,  and  pubis  unite  to  lorml^  os  innaminatum  about 
the  «ime  period,     I'^p  to  about  twenty-five  then  the  skeleton 
is  not  tirmly  "knit,"  a?id  is  ineapaible,  without  risk  of  injury, 
of  bearing  strains  which  it  might  afterwards  meet  with  im- 
ptintiy.     To  let  lads  of  sixteen   or  seventeen  row  and  take 
other  exercise  in  plenty  is  one  thing,  and  a  good  one;   ku  to 
•Jlow  them   to  undergo  the  severe  and  prolonged  strain  of 
tmining  for  and  rowing  a  long  race  is  quite  another,  and  not 
devoid  of  risk- 
Adipose  Tissue.     Fatty  substances  of  several  kinds  exist 
In  considerable  quantity  in  tire  Human  Body  in  health,  some 
a£  minute  droplets  floating  in  the  bodily  liquids  or  imbedded 
in  various  cells,  but  most  in  specifJ  cells,  nearly  filled  with 
and  collected  into  masses  with  supporting  and  nutritive 
tfl  to  form  adipose  iiitsuf.     In  fact  almost  in  every  spot 
where  the  widely  distributed  areolar  tissue  is  found,  there  is 
ipf>se  tissue  in  greater  or  less  proportion  mixed  with  it. 
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6«  proiotiJiiiftii ;  r.  oil-droplel. 


Considerable  quantities  exist  for  example  in  the  subcuta- 
neoDs  areolfir  tissue,  €5gpectiilly  iu  the  female  aex»  giving  the 
figT;re  of  the  woman  its  general  more  graceful  roundness  of 
contour  when  compared  with  that  of  the  mule.  I^nrge  quanti- 
ties oonimonlj  lie  in  the  abdominal  cavity  amund  the  Jcki- 
neys;  in  the  eyiHiockets^  forniiTii;:  a 
pAd  for  the  eye  halls  ;  in  tlie  tnnr- 
row  of  bones;  around  the  y 
and  so  on. 

Examined  with  the  inicroscupe 
(Fig.  4i>)  adipose  tissue  is  found  to 
consist  of  smidl  vesicles  from  0,2 
mm.  to  (tOi»  mm,  (,^^  to  jj^  inch) 
in  diameter,  clustered  together  into 
little  masses  and  bound  to  one  an- 
other by  connective  tissue  and  blood- 
vessels which  intertwine  around 
them;  in  this  way  the  little  angular  masses  which  are  seen  in 
heef'Suet  are  formed,  eat;li  mass  being  separated  by  a  some* 
what  coarser  partition  of  nreohir  tissue  from  its  neighbors. 
The  individual  fat-cells  arc  spherical  or  ovoid  except  when 
closely  packed ;  then  tliey  become  polygonal.  Kaeh  consists 
of  a  delicate  envelope  containing  oily  matter,  which  in  life 
is  lif|nid  at  the  tempenituro  of  the  Body*  Resides  the  oily 
matter,  a  nucleus  is  cornrofoily  present  in  each  fat-cell;  and 
a  thiu  layer  of  protoplasm,  exaggerated  in  Fig.  49,  forms  a 
lining  to  the  eell-walL  The  oily  matter  consists  of  a  mixture 
of  palmatin,  olein  and  stearin,  which  are  compounds  of  pal- 
mitic, stearic  and  oleic  acids  with  glyceriti,  three  molecules 
of  tlie  acid  being  combined  with  one  of  glycerin,  with  the 
elimination  of  water;  as  for  example; 


Stearic  «cid. 


Olycerin. 


Sfct*ariii. 


Water- 


CHAPTER  IX, 


THE  STRUCTURE  OF  THE  MOTOR  ORGANS. 


Motion  in  Animala  and  Plants,  If  one  were  asked  to 
point  out  the  most  diatincthe  jiroperty  of  Jiving  imimals,  the 
answer  would  probably  be,  tlieir  power  of  execiitinti;  i^potitune- 
ous  iiiovements.  Animals  as  wc  commonly  know  tiiem  are 
rarely  at  rest,  while  trees  and  stones  move  only  when  acted 
npt»u  by  external  forces,  which  arc  io  most  cases  readily  re- 
cognizable. Even  at  their  quietest  times  some  kind  of  motion 
is  observable  in  the  higher  an i male.  In  our  owti  Bodies 
daring  the  deepest  sleep  tiie  breathing  movements  and  the 
beat  of  the  heart  continue;  their  cessation  is  to  an  onlooker  * 
the  most  obvious  sign  of  death.  Here,  however,  as  elsewhere 
in  Biology,  we  find  that  precise  boundaries  do  not  exist;  at 
any  rate  so  far  as  animals  and  plants  are  concerned  we  cannot 
draw  a  hard  and  fast  line  between  them  with  reference  to  the 
presence  or  absence  of  apparently  spontaneous  motility.  Many 
A  flower  closes  in  the  evening  to  expand  again  in  the  morning 
eun;  and  in  many  plants  comparatively  rapid  and  extensive 
movements  can  be  called  forth  by  a  slight  touch,  which  in 
itself  is  quite  insufficient  to  produce  mechanicully  that  amount 
of  motion  in  the  maiss.  The  Venus's  flytrap  (IHofum  jmisd- 
puia)  for  example  has  fine  hairs  on  its  leaves,  antl  when  these 
are  touched  by  an  insect  the  leaf  closes  up  so  as  to  imiirison 
the  anirial,  which  is  subsequently  digested  and  absorbed  by 
the  leaf.  The  higher  plants  it  is  true  have  not  the  power  of 
loco  rn  of  ion,  they  cannot  change  tlieir  phice  im  the  higher  ani- 
malae^in;  but  on  the  other  hand  some  of  the  lower  aiiimals 
»re  permanently  fixed  to  one  i^|>ot;  and  amoTig  the  lowest 
plaiUg  many  are  known  which  swirn  about  actively  through 
the  water  in  which  they  live.  The  lowest  animals  and  plants 
are  in  fact  those  which  have  undergone  least  differentiation 
in  their  development,  and  which  therefore  resemble  each 
other  in  possessing,  in  a  more  or  less  manifest  degree,  all  the 
fundamental  physiological  properties  of  that  simple  mass  of 
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protoplasm  which  formed  the  starting-point  of  each  individ- 
ual.    With  the  physiological  division  of  labor  which  takc^ 
j)lace  in  the  higher  forms  we  find  that,  speaking  broadly, 
*  I)lants  especially  develop  nutritive  tissues,  while  animals  ar^ 
I  characterized  by  the  high  development  of  tissues  with  motor- 
and  irritable  properties;  so  that  the  preponderance  of  thes^ 
latter  is  very  marked  when  a  complex  animal,  like  a  dog  or  a. 
man,  is  compared  with  a  com])lex  phmt,  like  a  pine  or  a  hick- 
ory.    The  higher  animal  possesses  in  addition  to  greatly  de- 
veloped nutritive  tissues  (which  differ  only  in  detail  from 
those  of  the  plant,  and  constitute  what  are  therefore  often 
called  organs  of  vegetative  life)  well-developed  spontaneous, 
irritable  and  contractile  tissues,  found  mainly  in  the  nervous 
and  muscular  systems,  and  forming  what  have  been  called  the 
organs  of  animal  life.     Since  these  place  the  animal  in  close 
relationship  with  the  surrounding  universe,  enabling  slight 
external  forces  to  excite  it,  and  it  in  turn  to  act  upon  external 
objects,  they  are  also  often  spoken  of  as  organs  of  relation. 
In  man  they  have  a  liigher  development  on  the  whole  than  in 
any  other  animal,  and  give  him  his  leading  place  in  the  ani- 
mate world,  and  his  power  of  so  largely  controlling  and  direct- 
ing natural  forces  for  his  own  good,  while  the  plant  can  only 
passively  strive  to  endure  and  make  the  best  of  what  happens 
to  it;  it  has  little  or  no  influence  in  controlling  the  happening. 
Amoeboid  Cells.     The  simplest  motor  tissues  in  the  adult 
Human   Body  are  the  amcpboid  cells   (Fig.    15)   already  de- 
scribed, which    may   be   regarded    as   tlie   slightly   modified 
descendants  of  the  undifferentiated  cells  which  at  one  time 
made  up  the  whole  Body.     In  the  adult  they  are  not  attached 
to  other  parts,  so  that  their  changes  of  form  only  affect  them- 
selves and  produce  no  movements  in  the  rest  of  the  Body. 
Hence  with  regard  to  the  whole  frame  they  can  hardly  be 
called  motor  tissues,  and  are  classed  in  the  group  of  undiffer- 
entiated tissitrs. 

Ciliated  Cells.  As  the  growing  Body  develops  from  its 
primitive  simplicity  we  find  that  the  cells  lining  some  of  the 
tubes  and  cavities  in  its  interior  undergo  a  very  remark- 
able change,  by  which  each  cell  differentiates  itself  into  a  titl- 
tritive  and  a  highly  motile  and  spontaneous  portion.  Such 
cells  are  found  for  example  lining  tlie  windpipe,  and  are 
represented  in  Fig.  50.  Each  has  a  conical  form,  the  base  of 
the  cone  being  turned  to  the  cavity  of  the  air-tube,  and  con- 
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tains  an  oval  nucleus  with  a  luieleohis.     On  the  broa<ler  free 

end  are  a  luinilHT  (dbout  thii'ty  on  tJie  average)  of  extremely 

fiue  processes  ealkul  vilift,     During   life 

theM'  are  iu  coustant  i'a]d(l  uiovenient, 

liishing  to  and  fro  in  the  liquid  which 
moi^l^jus  the  interior  of  the  passage;  and 
as  the  cells  are  very  cluisely  j>acked,  a  bit 
of  the  inner  surface  of  the  wind  pipe,  ex- 
amiued  with  a  niicruseope,  looks  like  a 
field  of  wlictit  or  barley  when  the  wind 
blows  over  it.  Each  ciliurri  strikes  witli 
more  force  in  oue  dtreclirui  tlisui  in  the  opposite,  and  as  tins 
direction  of  more  powerful  stroke  is  the  same  fur  all  the  cilia 
410  any  one  surface,  the  resultant  effect  is  that  the  liquid  in 
which  they  move  is  driven  one  way.  In  the  case  of  the  wind- 
pipe for  example  it  U  driven  up  towards  the  throat,  ami  the 
tenacious  liquid  or  mucus  which  is  thus  swept  along  is  finally 
coughed  or  '*  hawked  *'  up  ami  got  rid  otT,  instead  of  accumu- 
Jating  in  the  deeper  air-pasi^agee  away  down  in  the  chest. 

These  cells  afford  an  ex!reuu?ly  iiiterestiug  example  of  the 
fiiivisioiiol  phyftiological  efu  ploy  merits.  Each  jiroceeds  from 
a  cell  which  was  primitively  equally  motile,  autonmtic  and 
nutritive  in  all  its  parts.  But  in  the  fully  develojied  state 
the  nutritive  duties  have  been  especially  lussutned  by  the 
conical  cell-body,  while  the  automatic  and  contractile  proj)- 
crties  have  been  condensed,  so  to  speak,  in  tluU  modified 
portion  of  the  iirimitive  protojihisnric  mass  wfiich  foruis  the 
cilia.  These,  being  supplied  with  elaborated  Umil  by  the  rest 
of  the  cell,  are  raised  above  the  vulgar  cnres  of  life  and  have 
the  opportunity  to  devote  their  whole  attention  to  the  per- 
formance of  antomatic  moveuieuts;  which  are  acconliugly  far 
more  rapid  and  precise  than  tlio«e  executed  by  tiie  whole  cell 
b<;fore  any  division  of  hdjor  had  occurred  in  it. 

That  the  movements  depend  njion  the  structure  and  eoiu- 
position  of  the  cell?*  tbeuiselves.  atui  not  ujion  influences 
reaching  them  from  the  nervous^  or  other  tisgnes,  is  proved  by 
the  fact  that  they  continue  for  a  long  time  in  isolated  cells, 
removed  and  placed  in  a  liquid,  as  hlood-serum*  which  does 

^Hot  alter  their  physical  constitution.    In  cold-blooded  animals, 

V  turtles,  whose  constituent  tissties  frequently  retain  their 

individual   vitality  long  after  that  bond  of  union  haj*  been 

-destroyed  wliirii  constitutes  the  life  of  the  whole  auinud  m 
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distinct  from  the  lives  of  its  different  tissues,  the  ciliated  cells 
in  the  windpipe  have  been  found  still  at  work  three  weeks 
after  the  general  death  of  the  animal. 

The  Muscles.  These  are  the  main  motor  organs  ;  their 
general  appearance  is  well  known  to  every  one  in  the  lean  of 
butcher's  meat.  While  amoeboid  cells  can  only  move  them- 
selves, and  (at  least  in  the  Human  Body)  ciliated  cells  the 
layer  of  liquid  with  which  they  may  happen  to  be  in  contact, 
the  majority  of  the  muscles,  being  fixed  to  the  skeleton,  can, 
by  alterations  in  their  form,  bring  about  changes  in  the  form 
and  position  of  nearly  all  parts  of  the  Body.  With  the  skele- 
ton and  joints,  they  constitute  pre-eminently  the  organs  of 
motion  and  locomotion,  and  are  governed  by  the  nervous 
system  which  regulates  their  activity.  In  fact  skeleton, 
muscles,  and  nervous  system  are  correlated  parts :  the  degree 
of  usefulness  of  any  one  of  them  largely  depends  upon  the 
more  or  less  complete  development  of  the  others.  Man's 
highly  endowed  senses  and  his  powers  of  refiection  and 
reason  would  be  of  little  use  to  him,  were  his  muscles  less 
fitted  to  carry  out  the  dictates  of  his  will  or  his  joints  less 
numerous  or  mobile.  All  the  muscles  are  under  the  control 
of  tlie  nervous  system,  but  all  are  not  governed  by  it  with  the 
co-operation  of  will  or  consciousness;  some  move  without  our 
having  any  direct  knowledge  of  the  fact.  This  is  especially  the 
case  with  certain  muscles  which  are  not  fixed  to  the  skeleton 
but  surround  cavities  or  tubes  in  the  Body,  as  the  blood-vessels 
and  the  alimentary  canal,  and  by  their  movements  control 
the  passage  of  substances  through  them.  The  former  group, 
or  skeletal  muscles,  are  also  from  their  microscopic  characters 
known  as  st rifted  innscleSy  while  the  latter,  or  visceral  muscles , 
are  called  unstriped  or  plain  muscles.  The  skeletal  muscles 
being  generally  more  or  less  subject  to  the  control  of  the  will 
(as  for  example  those  moving  the  limbs)  are  frequently  spoken 
of  as  vohintary,  and  the  visceral  muscles,  which  change  their 
form  independently  of  the  will,  as  involuntary.  The  heart- 
muscle  forms  a  sort  of  intermediate  link;  it  is  not  directly 
attached  to  the  skeleton,  but  forms  a  hollow  bag  which  drives 
on  the  blood  contained  in  it  and  that  quite  involuntarily;  but 
in  its  microscopic  structure  it  resembles  somewhat  the  skeletal 
voluntary  muscles.  The  muscles  of  respiration  might  perhaps 
be  cited  as  another  intermediate  group.  They  are  striped 
skeletal  muscles  and,  as  we  all  know,  are  to  a  certain  extent 
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aabject  to  the  will;  auy  one  can  draw  a  deep  breath  when  he 
chooses.     But  in   ortlinary  i|iiiet  breathing  we  are  quite  un- 
conscious of  their  working,  and  even  when  attention  is  turned 
to  them  the  power  of  control  is  limited;  no  one  can  voluntar- 
ily hold  his  breath  long  enough  to  suffocate  himself.     As  we 
ehall  see  hereafter,  nioreovi^r,  any  one  or  all  of  the  striped 
muscles  of  the  Body  may  bo  thrown  into  activity  independ- 
ently of  or  even  against  the  \y\\\,  as,  to  cite  no  other  instances, 
18  seen  in  the  '*  fidgets"  of  nervousness  and  the  irrepressible 
trembling  of  extreme  terror;  so  that  the  names  voluntary  and 
involuntary  are  not  good  ones.     The  functional  ditferences 
between  the  two  groups  depend  really  more  on  the  nervous 
connections  of  eacli  than  upon  any  essential  difference  in  the 
properties  of  the  so-called  voluntary  or  involuntary  muscular 
tissues  themselves. 

The  Skeletal  Muscles.  In  its  simplest  form  a  skeletal 
muscle  consists  of  a  red  soft  central  part,  the  hdltf^  which 
tapers  at  each  end  and  there  passes  into  one  or  more  dense 
white  cords  which  consist  almost  entirely  of  white  fibrous 
connective  tissue.  These  terminal  cords  are  called  the  tendom 
of  the  muscle  and  serve  to  attach  it  to  parts  of  the  bony  or 
CJirtilaginous  skeleton.  In  Fig.  51  is  shown  the  biceps  muj^tcfe 
of  the  arm,  which  lies  in  front  of  the  humerus.  Its  fleshy 
belly  is  seen  to  divide  above  and  end  there  in  two  tendons, 
one  of  which,  BU  is  fixed  to  tlie  scapula,  while  the  other,  Bh, 
joins  the  tendon  of  a  neighboring  muscle  (the  eoracobmchial, 
Ch),  and  is  also  fixed  above  to  the  sboulder-bhule.  Kear  the 
elbow-joint  the  muscle  is  continued  into  a  single  tendon, 
B%  which  is  fixed  to  the  radius,  but  gives  an  offshoot,  B^\  to 
the  connective  tissue  membranes  lying  around  the  elbow- 
joint. 

The  belly  of  every  muscle  possesses  the  power  of  shorten- 
iug  forcibly  under  certain  conditions.  In  so  doing  it  pulls 
upon  the  tendons,  which  being  composed  of  inextensible 
white  fibrous  tissue  transmit  the  movement  to  the  hard  parts 
to  which  they  are  attaclicd,  just  as  a  pull  at  one  end  of  a  rope 
may  be  made  to  act  upon  distant  objects  to  which  the  other 
end  is  tied.  The  tendons  are  merely  passive  cords  and  are 
|iomctimes  very  long,  as  for  instance  in  the  case  of  the  mus- 
cles of  the  fingers,  the  bellies  of  many  of  which  lie  away  in 
the  forearm. 

II  the  tendons  at  efM3h  end  of  a  muscle  were  fixed  to  the 
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I 


«airtie  bone  iIr'  muscle  wuiilii  dearly  be  able  to  produce  no 

'j^ovenit'TiT,   unless   by    bending   or   breaking   the   bune;  the 

prcibiiide  result  iu  such  n  case  would   be  the  teuring  of  the 

'^u&eie  by  it«  own  efforts.     In  the  liody,  however,  the  two 

^^^cis  of  a   muscle  are  alwuys   attHtdied    to    different    parts, 

**^%itt]ly  two  bones,  between  which   more  or  less  nioveuient  is 

f^^Trnitted,  and  so  when  the  niusrle  pulls  it  alters  the  relative 

l*^^sjil.jons  of  the  parts  to  which  its  tendons  are  fixed.     In  the 

^^'tai  majority  of  cases  a  true  joint  lies  between  the  bones  on 

^^liich  the  muscle  can  pull,  and  when  the  hitter  to//// Y^r//i  it 

*^'^(M]iH*es  movement  at  the  joint.     Many  niuscles  even  pass 

^^'^er  two  joints  and  can  prod  nee  niovenient  at  either,  as  the 

*^iceps  of  the  arm  which,  tixed  at  one  end  to  the  scapula  and 

^^t  the  other  to  the  radius,  can  move  the  bones  at  eitfier  the 

^^hordder  or  elbow  joint.     Where  u  muscle  passes  over  nn  ax- 

^iculation    it  is  nearly  ahvuys  reduced  to  a  narrow  temion; 

otherwise    the  bulky   hollies  lying  around   the  jointS'wonld 

make  thenv  extremely  clumsy  and  limit  their  mobility. 

Origin   and   Insertion    of  MuBClee.     Almost   inviiriably 
that  part  of  the  skeleton  to  which  one  end  of  n  muscle  is 

c 


f^fii.-'Thi^  hicepfi  mnwie  and  th<»  arm-hoTiPs.  to  illustmti?  liow\  under  urditiary 

fixed  \a  more  easily  moved  than  the  jmrt  on  wbicli  it  pulls  by 
its  other  tendorj.  The  less  ujovahle  attachment  of  a  muscle 
18  called  its  origin,  the  more  movable  its  itisfr/iou,  1  aking 
for  example  the  i^icepis  of  the  arm,  wc  find  that  when  the 
elly  of  the  muscle  contracts  ami  pulls  on  its  upper  and  hiwer 
endons,  it  commorjly  moves  only  the  forearm,  bending  the 
id  bow-joint  ns  shown  in  Fig.  52.  The  shoulder  is  so  much 
more  firm  that  it  serves  m  a  fixed  point,  and  so  that  end  is 
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the  origin  of  the  muscle,  and  the  forearm  attachment,  P^  the 
insertion.  It  is  clear,  however,  that  this  distinction  in  the 
mobility  of  the  points  of  fixation  of  the  muscle  is  only  rela- 
tive, for,  by  changing  the  conditions,  the  insertion  may  become 
the  stationary  and  the  origin  the  moved  point;  as  for  instance 
in  going  up  a  rope  "  hand  over  hand."  In  that  case  the  radial 
end  of  the  muscle  is  fixed  and  the  shoulder  is  moved  through 
space  by  its  contraction. 

Different  Forms  of  Muscles.  Many  muscles  of  the  Body 
have  the  simple  typical  form  of  a  belly  tapering  to  a  single 
tendon  at  each  end  as  J,  Fig.  53;  but  others  divide  at  one 
end  and  are  called  two-headed  or  biceps  muscles;  while  some 
are  even  tliree- headed  or  triceps  muscles.  On  the  other  hand 
some  muscles  have  no  tendon  at  all  at  one  end,  the  belly  run- 
ning quite  up  to  tlie  point  of  attachment;  and  some  have  no 
tendon  at  either  end.  In  many  muscles  a  tendon  runs  along 
one  side  and  the  fibres  of  the  belly  are  at- 
tached obliquely  to  it:  such  muscles  (By  Fig. 
53)  are  called  pennifonn  or  featherlike; 
or  a  tendon  runs  obliquely  down  the  middle 
of  the  muscle  and  has  the  fibres  of  the  belly 
fixed  obliquely  on  each  side  of  it  (6^,  Fig.  53), 
forming  a  bipenniform  mnscJe:  or  even  two 
tendons  may  run  down  the  belly  and  so  form 
a  tri pennifonn  muscle.  In  a  few  cases  a 
tendon  is  found  in  the  middle  of  the  belly 
as  well  as  at  each  end  of  it:  such  muscles 
are  called  (tigastrir,  A  muscle  of  this  form 
(Fig.  54)  is  found  in  connection  with  the 
lower  jaw.  It  arises  by  a  tendon  attached 
to  the  base  of  the  skull;  from  there  its  first  belly  runs  down- 
w\^rds  and  forwards  to  the  neck  by  the  side  of  the  hyoid  bone, 
where  it  ends  in  a  tendon  which  passes  through  a  loop  serving 
as  a  pulley.  This  is  succeeded  by  a  sccv  nd 
belly  directed  upwards  towards  the  cuin, 
where  it  ends  in  a  tendon  inserted  into  the 
lower  jaw.  Running  ah)ng  the  front  of  the 
abdomen  from  the  pelvis  to  the  chest  is  a  lon<r 
muscle  on  each  side  of  tlie  middle  line  cnlknl  fio.  si.-Aaipas- 
the  rectus  iihdovxinis:  it  is  pnl agastric,  con  *•'»'' "^"'^***'- 
sisting  of  four  bellies  se})arated  by  short  tendons.  Many 
muscles  moreover  are  not  rounded  but  form  wide  flat  masses. 


Fio.  53.— Dlajrrains 
iIluMtratin>?  typical 
muMcle  with  a  central 
belly  and  two  ternii- 
nal  iemions.  b,  a  pen- 
nifonn muscle ;  c.  a 
bipenniform  muscle. 
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^  for  example  the  muscle  Ss  seen  on  tlje  ventral  side  of  the 
8»ion!(ler-hhi(le  in  Fig.  5L 

Gross  Structure  of  a  Muscle.  However  the  form  of  the 
*k^letiil  iimseles  and  the  arrangement  of  their  tendons  majr 
^^I'y.thc  essential  ?5trnctnre  of  all  is  the  stinie.  Eacli  consbts 
**^  n  proper  »h'ipetl  muscular  tissnt^^  which  is  its  essential 
~**^rt,  but  which  is  supported  by  connective  tissue,  nourished 
*Jr  blood-vetisels  and  lymijliatioH,  and  has  its  activity  governed 
^3r  nerves;  so  that  a  great  variety  of  things  go  to  form  the 
fcmplele  orgaiu 

feA  loose  siieatii  of  areolar  connective  tissue,  called  i\\e  pevi' 
**^<ti'«w,  envelops  each  muscle,  ami  from  this  partitions  run 
*li  and  snhdivide  tlje  belly  into  bundles  or  fa HvicuH  which 
^nn  from  tcrnlon  to  tendon,  or  for  the  whole  length  of  tlie 
'^iiuscle  when  it  Inis  no  tendons.  The  coarseness  or  fineness 
c»f  butcher's  meat  depends  ujion  the  size  of  these  primary 
lascicnli,  which  differs  in  ilitTerent  muscles  of  the  same  ani- 
tiia].     These    larger    fasci- 


culi are  subdiviiled  by  tiner 
connective  tissue  m  e  m  - 
branefi  into  smaller  ones 
(m  shown  in  Fig.  5->,  which 
repre8*snt8  a  few  prnnary 
fasciculi  of  a  muscle  and 
the  secondary  fasciculi  into 
which    these   are   vlivided), 


^^ 


B^ 


Fio.  55,— A  ftmfttl  bit  of  niiisci**  cflmprts^ 

«ich  of  which  consi.sts  of  a  «/ a^'**  primary  mnek'uir    a.  "*^'^"'^i  «^^ 
certiim   numl>er  of  nncro-  show  iiie  ?i*?€ondar>  fAsok-uii  of  which  tho 

,  ,  prliiifiry  are  i:oiiii|io»rti 

pie       VI  use  mar       fibre  a 

nd  together  by  very  fine  connective  tissue  and  enveloped 

lose  network  of  bhu>d-vessels.     Where  a  muscle  tapers 

res  in  the  fjisciculi  become  less  numerous,  and  when  a 

tendon  is  formed  disappear  altogetlier,  leaving  little  but  the 

connective  tissue. 

HiBtology  of  Muscle.  P'or  the  present  we  need  only 
concern  onrselves  with  the  tunsculnr  fibres.  Each  of  these  is 
frntri  eight  to  thirty-five  millimetres  (J  to  H  inches)  long,  but 
only  from  OMM  to  0,055  mm,  (^^^  to  j\^  inch)  in  diameter 
in  its  widest  part  and  tapt*ring  to  a  blunt  }>oint  at  each  end. 
In  cross-section  the  tibrcs  are  irregularly  polygonal.  In  long 
niufclci!  with  terminal  tendons,  no  fibre  runs  the  whole  length 

vk  fascicolns*  which  may  l>e  a  foot  or  more  long,  but  the 
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end  of  t'Hcli  fitting  in  between  the 


fasciculus  is  made  up  of  many  successive  fibres,  the  narr 

e  ends  of  those  ^ 
it.  In  muscles  with  short  fasciculi,  the  fibres 
n\iiy  run  the  whole  length  of  each  of  the 
latter. 

The  tissue  of  the  skeletal  inUBcles  is  very 
easily  recognized  under  the  micrc^scope:  even 
when  magnified  only  two  or  three  hundred 
diameters  each  fibre  is  seen  to  be  crossed  for 
its  whole  width  by  regularly  alternating  dim- 
mer and  brighter  bands  (Fig.  5H)  or  stripes. 
In  a  relaxed  fibi*e  each  band  is  about  ^^ 
mm.  (yTrJi,,^  inch)  in  widths  but  the  brighter 
pwtofMnicie-nbiVbaTids  are  a  little  broader  than  the  darker, 
iSr?S»«^^rr'  *m*jr«ridlu  the  contraote<3  fibre  both  kinds  of  Ininds 
«cuujii«*  i»t  nuclei.  ijt^^.Qtji^  narrower,  es})ecially  the  brighter,  and 
these  latter  at  the  same  time  undergo  an  optical  change  and 
divert  the  light  m  that  but  little  of  it  reaches  the 
eye  when  the  fibre  is  in  locus;  in  consequence  they 
thiMi  look  darker  than  the  original  dimmer  bands 
lying  between  them  and  now  appearing  as  the 
brighter  of  the  two,  A  fresh  mnscle*fibre  showa 
on  close  examination  a  faint  longitudinal  striation. 
Tins  is  much  more  marked  in  speeimens  which 
have  been  preserved  in  alcohol,  and  these  Uiay  be 
teased  out  into  very  fine  threads  whii'li  have  been 
named  fibriUw, 

On  careful  examination  i^aeb  fibre  can  be  mu'le 
out  to  possess  nn  external  envelope*  the  stirfO- 
hmmn^  enveloping  a  softer  material  which  makes 
up  the  main  nniss  of  the  fibre:  but  there  are  in 
adilition  a  number  of  oviil  nuclei  which  lie  im-  Fm,  sT,— a 
mediately  under  the  sarcolenmia  and  are  placed  mui.c-uiHr'^  n- 
lengthwise  in  the  fibre.  On  account  of  its  extreme  iibreh«*b«*n 
thinness  and  transparency  the  eareolemma  cannot  f JSJ^  bo*^ 
be  recognizeil  when  lying  in  its  naturnl  position,  JeilETiiJai^iS^ 
closely  applied  to  the  striped  t^ontents^  but  i^eing  l^^,'^*,^^'* '***^i^ 
tougher  than  these  it  sometimes  remains  unbroken  wijen? socjob©. 
when  they  are  cruslied  and  then  (Fir.  57)  cotnes  »*»«  '«***«  «»  lo 
into  view  as    an    apparently   strutdurekfia^Jluou-   r.fmAtoe4    un- 

1  1     *  1    *  ti  '  ^111  1  t*»fri  ii«d  con* 

brane  bridging  over  the  gap,       1  he  sarcolemma  i.pirtn>ii8 
is  imperforate  excejit  at  one   point  where    the   central   por* 
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'ion  {ota^cis  cylinder^  see  Cliap,  Xil)  of  ;i  nerve-fibre  pen e- 
'rates  it. 

The  striped  coatents  whicli  occupy  most  of  tlie  euvity  en- 
closed  by  the  Hart-olernTnu  are  the  es.seiitiul  contnicUle  portion 
**^  the  fibre  and  daring  life  are  soft  or  sefni-fhiid:  soon  after 
'^^i^th  they  solidify  oi"  clot  and  thus  denthstiiTening  {riyor 
^^^^vHh)  is  prodiH'ei],  At  intervals,  corresponding  to  the 
*^  iddle  zone  of  each  bright  brind  of  the  relaxed  fibre,  an 
^X:tremely  delicate  membrane  (membrunt  of  Kran,Hi\  A',  Fig. 
^S)  crosses  the  fibre,  tbos  dividing  the  ri'st  of  the  contents 
^^to  a  series  of  disks,  each  consisting  of  a  dim  centre  answering 


B 


.^K 


llIIHinffiTTIuTiJ 
am  iiin  iiiiiftin 

ninniuntn 

tUUUiUUlUUlU 

nrn  uw  nni  nnji 


a    u    a 


k. 


Pin.  Sfl. — Di«fi»TAiTi!4  to  itiiiitratff  the  jftnu'Oire  f>f  a  «niRll  ptfce  of  a  ntrtpe4 
ttitiwlf-tltirt*.  ^1,  in  thf  rv-\nxf\,  H^  in  Iht*  «.'iniiracf**t!  cotidiOnn^  A',  A',  iiifinbtan*?® 
of  Kr*inip;  //.  H.  ttatids  of  ftensen;  na,  6fi,  purtn  of  RarcoMlj-leii,  Khowiiig  their  coo- 
•iTl^'UOMfl  iirnr  Ki-aiiipe'<  iii^iiibrun«i«t,  ainl  i\\^  tiihiiljited  sari^osomeaineiictj;  c»riftrt/, 
%  Mircutis  fleiDt'iit;  o,  byoJopLum;  j/,  saicopla»ni 

to  the  whole  of  u  dark  band,  and  two  brighter  ends,  each  cor- 
responding to  half  of  a  bright  bund.  Eaeb  disk  is  a  saratmere. 
Under  certain  conditions,  in  fact,  a  fibre  may  be  split  up 
croeewige  into  a  number  of  snch  disks.  When  a  fresh  muscle- 
fibre  is  artificially  stretched  and  examined  with  a  \m*y  high 
magnifying  power  tliere  may  fnrther  be  made  out  in  the 
liddle  of  each  dim  hand  a  transverse  line  {havd  nf  Ifenst*n, 
Tf  Fig,  58)  slightly  brighter  than  the  rest  of  the  dim  l>and. 
The  main  bulk  of  each  fibre  consists  of  polygonal  rods,  the 
m%tMch'€filumHfi  or  sarcoM/ffh-t  (aa^  bb,  Fig.  58),  which  are  inter- 
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nipted  ill  their  course  by  Kniuse's  membranes.  That  portion 
of  a  sareostyle,  cdef^  included  between  two  consecutive  mem- 
branes is  a  sarcous  element.  The  terminal  portions  of  eacb 
sarcous  clement  are  of  softer  consistence  than  most  of  the  mid- 
dle part  and  correspond  to  the  hyaloplasm  (Fig.  7)  of  a 
typical  primitive  cell,  and  the  material  composing  them  may 
be  designated  by  the  sjime  name.  The  central  portion  of  each 
sarcous  element  is  mainly  made  up  of  a  firmer  material  which 
stains  withhemotoxylin  and  answers  in  general  to  the  reticulum 
of  a  primitive  cell :  it  is  named  the  sarcous  substance  or,  better, 
the  sarcosome.  Each  sarcosoine  is  permeated  by  fine  longi- 
tudinal tubules  which  commence  at  its  ends  but  do  not  reach 
to  its  centre  and  are  thus  divided  into  two  sets  by  a  median 
transverse  partition  in  wliich  the  band  of  Hensen  lies.  These 
tubules  are  filled  with  hyaloplasm.  The  sarcous  elements  are 
constricted  where  they  abut  on  Krause's  membrane  and  in. 
consequence  each  sareostyle  is  narrowed  at  regular  intervals 
along  its  course.  The  spaces  between  the  sarcostyles  are 
filled  by  a  very  soft  sarcoplasin,  which  is  of  course  more 
abundant  in  the  regions  of  Krause's  membranes,  where  the 
muscle-columns  are  constricteil.  In  mammalian  muscle  the 
sarcoplasm  is  present  in  relatively  much  smaller  amount  than 
indicated  in  Fig.  58.  In  fresh  specimens  it  can,  however, 
be  made  out  in  the  form  of  fine  dark  lines  with  swollen  ends, 
lying  between  contiguous  sarcous  elements.  Gold  chloride 
stains  the  sarcoplasm  deeply  but  leaves  the  sarcostyles  un- 
colored  :  hence  in  specimens  so  prepared  the  edges  or  ends  of 
the  sarcoplastic  septa  appear  as  very  conspicuous  lines,  which 
look,  especially  in  cross-sections,  as  if  due  to  a  network  of 
fibres,  as  which  they  have  been  described  by  several  observers, 
and  been  regarded  as  tlie  essential  contractile  part  of  the 
fibre.  In  a  rehixed  muscle-fibre  {A,  Fig.  58)  the  sarcosomes 
are  comparatively  long  and  narrow;  but  during  contraction 
(/:?)  they  become  shorter  and  thicker  and  bulged  out  in  the 
middle,  and  more  hyalophism  passes  into  their  tubules,  which 
become  distended,  especially  near  their  deeper  ends:  the  band 
of  Hensen  also  ceases  to  be  visible.  Contraction  of  the  whole 
fibre  is  thus  accompanied  by  or,  rather,  is  due  to  a  transfer- 
ence of  hyaloplasm  from  the  ends  of  each  sarcomere  into  the 
interior  of  the  sarcosomes  of  its  central  {)ortion,  in  conse- 
quence of  which  the  whole  fibre  becomes  snorter  and  thicker. 
The  swelling  of    the   sarcosonie   pushes  aside    some  of  the 
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^Vcoplasm  lying  Wtwceii  liicm  aiu!  the  displaced  portion  ac- 
*^"'ijn!atcs  nearer  the  ends  of  the  Siircoiis  elements,  jii  the 
*5*ace  left  by  that  portion  of  the  hyaloplatsrn  which  has  entered 
^^^  tubules:  conipairo  ////  in  A  and  //,  Fig.  58. 

Arguing  from  the  analogy  of  the  ainoehoid  cell  in  whicii, 
>i'e  have  seen  (p.  27),  parts  consisting  oidy  of  hyaloplasm 
'ti  exhihit  movements,  it  won  Id  seem  probable  that  in  the 
*'^^i  sole -fibre  the  hyaluphism   is  to  ho  regarded   as  the  a^ive 
;*^*-^iiLi'actile    portion    and    the    saiuuiJomes  as    a    framework 
l^ieeling  the  form  which   the  rontnteted    hyalophusm  shall 
fiime,  and  assnring  timt  it  shall  bo  a  precise  and  definite 
f^rtening  in  the  direction  of  the  long  axis  of  tlie  fibre  with 
widening  in  tiie  transverse  direction,  instead  of  sneii  irreg- 
"^lar  changes  of  form  as  are  exhibited  by  the  amod>oid  cell 
'^ith  its  irregularly  arranged  or,  sometimes^  entirely  absent 
't^ticulfinL     That   the    hyaloplasm    and    not    the  sarcoplasin 
form  the  contractile  part  of  the  lil>re  18  proved  Ity  the  fat^t 
that  in  souje  insect-muscles  in  wljicli  they  are  nnnsually  hirgc, 
it  is  possible  to  isolate  them  while  alive  and  observe  them  still 
contracting. 

The  nuclei  of  the  fibres  lie  in  the  sarcoplasm,  which  rep- 

r"  4pi0etil«  a  part  of  the  original  f>rotoplasm  of  the  row  of  cells 
from  which  each  muscle- fibre  develops,  that  has  remained 
but  little  changed  whiU^.  the  rest  wa43  diflerentiated  itjto 
"j»rcous  elements. 

The  blood  vessels  and  nerve  fibres  supplied  to  the  skeletal 
mnscles  are  numerous.  The  larger  blood-vessels  run  in  the 
coarser  partitions  of  the  connective  tissue  lying  between  the 
fasciculi  and  give  off  fine  branches  whicii  form  a  network  be- 
tween the  individual  fibres  but  never  penetrate  the  sarcolenima. 

Connected  with  each  musde- fibre  is  a  nerve-fibre  of  the 
white  variety  (Chap.  XII).  'i'he  central  core  of  the  nerve-tibre 
ends  in  an  oval  ex|mnsion  (end  phi(e)  wliicli  contains  many 
titiclei  and  lies  close  under  tlie  Bafcolemma,  its  deeper  side 
btnug  in  immediate  coTTtact  and  possibly  continuous  with 
the  striated  contents.  These  n#rve-fibres  are  motor  or  r<m- 
cemed  in  exciting  a  contraction  of  the  musclo-Iibre.  Other 
white  nerve-fibres  are  connected  with  very  peculiar  bodies 
found  scattered  throughout  the  muscle,  but  especially  numer- 
ous near  the  tendons.     They  are  usually  of  a  size  just  visible 

the   unaided  eye  and  from  their  form  have  beeti  named 

Mcle'sphififes.     They  appear   to    be   sensory   in   fuuctiou. 
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Somewhat  eiiuiliir  bodies  ((lolgi's  ii'iidon'or^ans)  are  foim«3 
in  tfie  teiHJoTii?  and  are  also  richly  i?if[>|died  with  nerve-tibrei^-^ 
111  histological  etructun^  tho  tendon-organs  and  the  mu-scl^s— J 
epindles  appear  to  be  allied  to  Paeiinun  bodies  (Chap,  XX  W>  .^ 

Structure   of  the  XJastriped   Muscles.     Of    these    th^^ 
muscular  coat  oX  the  stomach  (Fig.  59)  is  a  good  example;. 


Fio.  50.  -Thp  nuijietilftr  coat  of  lb«  fiUimiu:ti, 

They  have  no  definite  tendons,  bnt  form  expanded  memhnmes 
surrounding  eavities,  en  that  they  have  no 
definite  orig^in  or  insertion.  Like  the  skel- 
etal innsch*s  tliey  consist  of  proper  contractile 
elements,  with  aceessorj  connective  tissue, 
blood -vesseli?  and  nerves.  Their  fibres,  liow- 
ever,  have  a  very  different  microscopic  strac- 
tnre.  They  present  a  slightly  marked  lon<ri- 
tudinal  btit  no  cross  striation  and  are  made 
up  of  elongated  cells  (Fig.  60),  bound  to- 
gether by  a  small  quantity  of  cementing 
material.  The  cell;?  vary  considerably  m 
size,  but  on  the  avera^,'e  are  about  ^  mm. 
(lU  inch)  in  length.  Each  is  flattened 
in  one  plane,  tapers  ofT  at  each  end»  and 
possesses  a  very  tldii  euvi.dopiiig  membrane; 
ill  its  interior  lies  an  elongated  nucleus  w  ith 
one  or  two  nucleoli,  lliese  cells  have  the 
power  of  sliorteTUiig  iu  the  direction  of  their 
long  axes,  and  ho  of  diminishing  the  capacity 

of  the  cavities  in  the  walls  of  which  they  lie. 


no.  60.— Uofllri|>etl 
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Oardiac   Muscular   Tissue,     This  consists  of  nucleated 

^^unched  cclW  which  uiiite  tn  form  a  network,  iu  the  inter* 

®tiee«    of   which     bluod-mpillaries    and 

*^le^^\e- fibres     rnn.      The    cells    ]ircsc!tt 

^^jinsverse  atrijiLions,  hut  not  so  distinct 

thoi^e  of  the  skeletal  muscles,  aud  are 

id  to  have  no  t»ar.CMlt;iuuia. 

The  C?hemistry  of  Muscular  Tissue. 

T^he   chemical   structure   of   the    living 

^mscttlar   fibre   is   unknown,  bat   8t»nie 

idea  as  to  it  may  he  obtained  from  ex- 

Ejuninntion  of  the  substances  it  yields  on 

■^xinuuo  aiialvsis,  Muscle  contains  £5  ^,^  ot^camiae mi,«cu^ 
i  per  cent  of  water;  and,  among  otlier  1?';*\^'*"'^;""^''*!J,7*  "^"i;^ 
inorininic  constituents,  phosphates  and  i^^>un.ittTi.*K  umi  .|eii-iniek*i 
clMflided  of  potassnini,  sodinin^  and  rh^'iit  immi  portion  ur  Ute 
nrngnesiuin.  When  at  rest  a  livini^^ 
muitule  is  feebly  alkaline,  but  after  hunl  \vo|-k\  nr  when  dyijig, 
this  rea<*tion  is  ?eTen?ed  tbroiitrh  the  fonnsuion  of  .sarcolaetic 
asM  (CjII.Oj.  Muscles  contain  snndl  qaantilies  of  gn4ie- 
6u^ar  and  glycogen,  and  of  or^^anic  nitrogenous  crystalline 
com  pounds,  t'Specially  k  real  in  (CJI^jf^O,).  As  ift  the  case  of 
all  other  physiological iy  \w'tive  tissues,  however,  the  main 
post-mortem  constitnents  of  the  muscular  fibres  are  proieid 
«ul>stances,  and  it  is  probable  that  like  protoplasm  itself  (p. 
27)  the  essential  contractile  part  of  the  tissue  consists  of  a 
complex  body  containin«:  proieid,  curboliydrate  and  fatty 
residnes;  and  that  durini^  niuscuhtr  work  this  is  broken  up, 
yielding  proteids,  carlxin  dioxide,  sarcolactio  a<id,  and  prob- 
ably other  things. 

During  life  and  for  a  eertaiti  time  after  general  death  the 
masoles  are  soft,  translucent,  extensible  and  elastic,  and 
neutral  or  feebly  alkaline  in  reaction;  after  a  period  which  in 
warm-blooded  animals  is  brief  (varying  from  a  few  minutes 
lo  three  or  four  hours)  they  gradually  become  harder,  more 
opaque,  lesa  extensible  and  less  elastic,  and  distinctly  acid  in 
reaction.  The  result  of  these  changes  is  the  wtdl-known 
cadaveric  rigidity  or  ritfnr  mortis.  The  rigid  eotidition  lasts 
for  a  day  or  longer  and  then  it  gradually  and  finally  disappears 
and  more  marked  decomposition  cfianges  commence.  Until 
short  time  before  the  coniujejieement  of  rigor  the  tnuscles 
n  contractile  and  can  i>e  tbiown  into  activity  by  various 
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excitants,  as  electric  shocks;  that  is  to  say,  although  the  body 
in  general  is  dead  and  the  beat  of  the  heart  and  the  flow  of 
«  blood  have  ceased,  yet  the  muscles  retain  their  vitality  for  & 
while.  This  is  especially  the  case  with  the  muscles  of  cold- 
blooded animals,  as  frogs  and  turtles,  the  muscles  of  which 
may,  especially  if  kept  cool,  retain  their  living  properties  for 
several  hours  after  removal  from  the  body  of  the  animal. 

If  muscles  be  taken  in  an  early  stage  of  rigor,  rapidly  freed 
as  much  us  j)ossible  from  tendons,  fats  and  connective  tissue^ 
and  then  finely  minced  and  thoroughly  washed  with  water, 
most  of  tlie  salts  and  orystallizable  muscle  ingredients  can  be 
dissolved  away,  along  with  a  small  amount  of  albumens ;  but  by 
far  the  greater  part  of  the  albumen  is  left  behind  in  the  form 
of  myosin^  a  proteid  whicli  is  insoluble  in  water.  On  treating 
the  residue  with  a  10  per  cent  solution  of  ammonium  chloride 
the  myosin  dissolves  and  may  be  obtained  as  a  flocculent 
white  precipitate  by  allowing  the  solution  to  fall  drop  by  drop 
into  a  large  quantity  of  water,  or  by  adding  to  it  a  consider- 
able projK)rtion  of  common  salt.  Myosin  is  related  chemically 
to  fibrinogen  and  globulin,  and  its  solutions  in  10  per  cent 
neutral  saline  are  coagulated  by  heat  at  the  same  temperature 
(56"^  C.  or  158'  F.)  jis  the  former. 

Although  myosin  is  a})parently  the  least  altered  form  in 
which  its  chief  proteid  constituent  can  be  separated  from 
muscle,  it  does  not  a})pear  to  exist,  or  at  Icjist  exists  in  small 
quantity  if  at  all,  in  living  muscle;  it  is  an  early  product  of 
post-mortem  chemical  changes.  Its  j)recursor  in  living  muscle 
has  been  named  mffosinotfeu,  and  a  solution  containing  that 
substance  may  be  obtained  as  follows:  Perfectly  fresh  and 
still  contractile  muscles  are  cut  out  from  a  frog  which  has 
just  been  killed  by  destruction  of  its  brain  and  spinal  cord,  a 
proceeding  wiiich  entirely  deprives  the  animal  of  conscious- 
ness and  the  power  of  using  its  muscles,  but  leaves  these  lat- 
ter unaltered  and  alive  for  some  time.  The  excised  muscles 
are  thrown  into  a  vessel  cooled  below  0°  C.  by  a  freezing  mix- 
ture and  are  thus  frozen  hard  before  any  great  chemical 
change  luis  had  time  to  occur  in  them.  The  solidified  mus- 
cles are  then  cut  up  into  thin  slices,  the  bits  thrown  on  a 
cooled  filter  and  let  gradually  warm  up  to  the  freezing-point 
of  water,  after  the  addition  of  some  ice-cold  0.5  per  cent  solu- 
tion of  common  salt.  Gradually  a  small  quantity  of  a  tena- 
cious alkaline  and  transparent  liquid  filters  through.     This 
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'^TiM,  known  as  the  uluhcIv.' plasma ^cQXiinm^  myosinogen  and 
M*Ji.e  blood'plusnm   is   spoiuuneourily  couguiiible.     It  qiiiekly 
^^  into  a  transpurent  jelly  and  tins  eaon  geparatea  into  miu- 
^^^^'Sernm    and    mmcie-ciof,  the  hitter  consist! iitj  of  myosin. 
-dissolved  in  the  nmsfle-senini  artj  found  stnuli  quiiutities  of 
l^i*vercil  ulbunieiiSjOne  naieh  resembling  the  serum-albumen  of 
►\ood.    The  spontaneous  clo tiling  of  the  plaisioa,  and  presum- 
tljly  the  natural  formation  of  iuyosin  during  rigor  mortis,  are 
1^1  ue  to  the  action  on  niyosiiiogrn  of  an  enzy  mo,  t ft  it sf^lf^'/er- 
f9si,    much    resembling   fibrin-ft^rment.      Tiie   clotting    is 
nccoinpanied  by  a  change  of  reaction  from  the  alkaline  or 
tral  of  the  phisnui  to  a  markedly  acid  one:  this  ujipears  to 
mainly  due  to  the  formation  of  siircoluctic  aeidj  the  quan- 
tity of  which  bears  a  proportion  to  that  of  the  myosin  formed, 
eiiggesting  tliat  both  may  be  produetfi  of  the  breakiug-down 
of  a  pre-existerit.  n»ore  complex  substauce.    It  has  further  been 
sbown  that  when  a  mu«jcle  pa.s8ets  ijito  the  state  of  rigor  it 
evolves  a  certain  amount  of  carbon   dioxide,  and   that   the 
quantity  of  this  varies  with  the  quantity  of  myosin  and  of 
sareolactic  acid  formed.    Hence  it  has  been  suggested  tljat  in 
the  living  nniscle   there   is   a  substance  which   after  death 
breaks  up  yielding  (with  possibly  other  things)  myosinogen, 
eareolactie  acid  and  eariK>n  dioxide;   and  further  that  this 
chemical  change  is  associated  with  the  liberation  of  energy 
(Chap.  XX)  which  in  the  dead  muscle  is  set  free  mainly  as 
the  heat  which  is  known  to  be  evolved  by  mnsclea  passing 
into  rigor. 

The  precipitate  prod  need  when  myosin  golntione  are 
heated  is  coaijulated  prote id  {p.  10)  and  insoluble  in  dilute 
H^ds  and  alkalies  in  which  inyosiu  itself  is  very  soluble. 
■when  dissolved  in  dilute  acids  myosin  is  converted  into  st/n- 
Unin^  which  was  formerly  supjwsed  to  be  the  chief  form  of 
proteid  pri^sent  in  dead  muscles.  Syntonin  is  insoluble  in 
water  and  neutral  saline  solutions,  but  soluble  in  dilute  acids 
and  alkalies,  and  its  solutions  are  not  coagulated  by  boiling. 

Beef  Tea  and  Liebig's  Extract*  From  the  above-stated 
facte  it  is  clear  that  when  a  muscle  is  boiled  in  water  its  myo- 
sin 18  coagulated  and  left  behind  in  the  meat  :  even  if  cook- 
ing be  commenced  by  soakin<^  in  cold  water  the  myosin  still 
reniajnii»as  it  is  as  insoluble  in  cold  water  as  in  hot.  Itort'toa 
ordinarily  made,  then,  contains  little  but  the  flavoring 
ters  and  flaTts  of  the  meat,  traces  of  some  albumens  and 
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some  gelatin,  the  latter  derived  from  the  counective  tissues 
of  the  muscle.  The  flavoring  matters  and  salts  make  it  decep- 
tively taste  as  if  it  were  a  strong  solution  of  the  whole  meat, 
and  the  gelatin  causes  it  to  "  set '' on  cooling,  so  the  cook 
feels  quite  sure  she  has  got  out  "  all  the  strength  of  the  meat/' 
whereas  the  beef  tea  so  prepared  contains  but  little  of  the 
most  nutritious  proteid  portions,  which  in  an  insipid  shrunken 
form  are  left  when  the  liquid  is  strained  off.  Various  pro- 
posals have  been  made  with  the  object  of  avoiding  this  and 
getting  a  really  nutritive  beef  tea;  as  for  example  chopping 
the  raw  meat  line  and  soaking  it  in  strong  brine  for  some 
hours  to  dissolve  out  the  myosin;  or  extracting  it  with  dilute 
acids  which  turn  tlie  myosin  into  syntonin  and  dissolve  it  and 
at  the  same  time  render  it  non-coagulable  by  heat  when  subse- 
quently boiled.  Such  methods,  however,  make  unpalatable 
compounds  which  invalids  will  not  take.  Beef  tea  is  a  slight 
stimulant,  and  often  extremely  useful  in  temporarily  nniin- 
taining  the  strength  and  in  preparing  the  stomach  for  other 
food,  but  its  direct  value  as  a  food  is  slight,  and  it  cannot  be 
relied  upon  to  keep  up  a  patient's  strength  for  any  length  of 
time.     There  can  be  no  doubt  that  thousands  of  sick  persons 

f  have  in  the  past  and  are  being  to-day  starved  to  death  on  it. 
Liehi(/s  cxtntct  of  yneat  is  essentially  a  very  stroftg  beef  tea; 
containing  much  of  tlie  flavoring  substances  of  the  meat, 
nearly  all  its  salts  and  the  crystalline  nitrogenous -bodies,  such 
as  kreatin,  which  exist  in  muscle,  but  hardly  any  of  its  really 
nutritive  parts,  as  was  })ointod  out  by  Liebig  himself.  From 
its  stimulating  elTects  it  is  often  useful  to  persons  in  feeble 
health,  but  otlier  food  shouhl  be  given  with  it.  It  may  also 
be  used  0!i  account  of  its  flavor  to  add  to  the**  stock  "  of  soup 
and  for  similar  pur]>oses  ;  but  the  erroneousness  of  the  com- 
mon belief  that  it  is  a  higlily  nutritious  food  cannot  be  too 
strongly  insisted  upon.     Under  the  name  of  liquid  extracts 

9  of  meat  other  substances  liave  been  prepared  by  subjecting 
meat  to  chemical  ])rocesses  in  w^hich  it  undergoes  changes 
similar  to  those  experienced  in  digestion:  the  myosin  is  thus 
rendered  soluble  in  water  and  uncoagulable  by  heat,  and  such 
extracts  if  properly  prepared  are  nutritious  and  can  often  be 
absorbed  when  meat  in  the  solid  form  cannot  be  digested: 
they  may  tlius  help  the  stomach  over  a  crisis,  but  are  not, 
even  the  best  of  them,  to  be  depended  on  as  anything  but 
temporary  substitutes  for  other  food ;  or  in  some  cases  as  use- 
ful additions  to  it. 
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Contractility.  The  characteristic  physiological  property 
^f  muscular  tissue,  and  thiit  for  which  it  is  employed  in  the 
body,  is  the  faculty  possessed  by  its  fibres  of  shortening 
forcibly  under  certain  c  ire  urn  stances.  The  direction  in  which 
this  shortening  occurs  is  always  that  of  the  long  axis  of  the 
fibre  in  both  phiiu  and  striped  muscles,  and  it  is  accomp;uued 
by  an  almost  equivalent  thickening  in  other  diameters,  so  that 
when  a  muscle  contrac^ts  it  does  not  shrivel  np  or  diminish 
its  bulk  in  any  appreciable  way;  it  simply  chan.t^cfi  its  form. 
When  a  muscle  contracts  it  also  becomes  harder  und  more 
rigid,  especially  if  it  has  to  overcnmc  any  resistance.  This 
and  the  change  of  form  can  be  well  felt  by  placing  the  fingers 
of  one  hand  over  the  biceps  musi'le  lyiiig  in  front  of  the  hu- 
merus of  the  other  arm.  When  the  muscle  is  run  true  ted  so 
ttii  to  bend  the  elbow  it  can  be  felt  to  swell  out  and  harden  as 
it  shortens.  Ev^ry  schoolboy  knows  that  when  he  appeals  to 
another  to  "  feel  his  muscle"  he  contracts  the  hitter  so  as  to 
make  it  thicker  and  ajiparently  more  massive  as  well  as 
harder.  In  statues  the  {irominence^  on  tlie  surfaee  indicutiiig 
the  muscles  beneath  the  skin  are  made  very  conspicuous 
when  violent  effort  is  represented,  so  as  to  indicate  that  the 
muscles  are  in  vigorous  action.  In  a  musculur  fibre  w^e  find 
I  no  longer  the  slow,  irregular,  and  iTidefinite  changes  of  form 
■eeu  in  amcebotd  slightly  dilferentiated  cells;  they  are  replaced 
by  a  preciige,  rapid  and  definite  change  of  form.  Muscular 
tissue  represents  a  grot:p  of  cells  in  the  bodily  community 
wliich  have  taken  up  the  one  special  duty  of  executing 
changes  of  form,  and  in  propoition  as  these  cells  have  fewer 
other  things  to  do.  they  do  that  (ine  better.  This  confractiUit/ 
of  the  muscular  fibres  may  be  brietly  described  as  a  passage 
froui  the  state  of  rest*  in  which  the  fibres  are  long  and  narrow, 
into  the  state  of  activity,  \u  whirh  they  are  shorter  and  thicker: 
this  change  is  made  with  considerable  force,  and  thus  the  mus- 
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cles  move  parts  attached  to  their  tendons.  When  the  state  of 
activity  has  passed  off  the  fibres  suifer  themselves  to  be  ex- 
tended again  by  any  force  piilliug  upon  them,  and  so  regain 
their  resting  shape;  and  since  in  the  living  Body  almost  in- 
variably other  parts  are  put  upon  the  stretch  when  any  mus- 
cle contracts,  these  by  their  elasticity  serve  to  pull  the  latter 
back  again  to  its  primitive  shape.  No  muscular  fibre  is 
known  to  have  the  power  of  actively  expanding  after  it  has 
contracted :  in  the  active  state  it  forcibly  resists  extension,  but 
once  the  contraction  is  comj)h»telyover,it  suffers  itself  readily 
to  be  pulled  back  to  its  resting  form.  The  contracted  state 
lasts  always  longer,  however,  than  tlie  mere  time  occupied  by 
the  muscle  in  shortening:  as  will  be  seen  later,  the  full  state 
of  contraction  is  gradually  attained  and  gradually  disappears. 

Irritability.  With  that  modification  of  the  primi,tive 
protoplasm  of  an  ama>boid  embryonic  cell  which  gives  rise  to 
a  muscular  fibre  with  its  great  contractility,  there  goes  a  loss 
of  other  properties.  Nearly  all  spontaneity  disappears;  mus- 
cles are  not  automatic  like  primitive  protoplasm  or  ciliated 
cells;  excej^t  under  certain  very  special  conditions  they  remain 
at  rest  unless  excited  from  without.  The  amount  of  external 
change  required  to  excite  the  living  muscular  fibre  is,  how- 
ever, very  small;  muscle  tissue  is  highly  irritable,  a  very 
little  thing  being  sufficient  to  call  forth  a  powerful  contrac- 
tion. In  the  living  Ilunum  Body  the  exciting  force,  or  stim^ 
vlus,  acting  upon  a  muscle  is  almost  invariably  a  nervous 
impulse,  a  molecular  movement  transmitted  Jilong  the  nerve- 
fibre  attached  to  it,  and  upsetting  the  molecular  equilibrium 
of  the  muscle.  It  is  through  the  nerves  that  the  will  acts 
upon  the  muscle-fibre,  and  accordingly  injury  to  the  nerves  of 
a  part,  as  the  face  or  a  limb,  causes  paralysis  of  its  muscles. 
They  mi>y  still  be  tliere,  intact  and  quite  ready  to  work,  but 
there  are  no  means  of  sending  commands  to  them,  and  so 
they  remain  idle. 

Although  a  nervous  impulse  is  the  natural  physiological 
muscular  stimulus  it  is  not  the  only  one  known.  If  a  muscle 
be  exj)osod  in  a  living  animal  and  a  slight  but  sudden  tap  be 
given  to  it,  or  a  hot  bar  be  suddenly  brought  near  it,  or  an  elec- 
tric shock  be  sent  through  it,  or  a  drop  of  glycerin  or  of  solu- 
tion of  ammonia  be  ])laced  on  it,  it  will  contract;  so  that  in 
addition  to  the  natural  nervous  stimulus,  muscles  are  irritable 
under  the  influence  of  mechanical,  thermal,  electrical,  and 
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^•*t»nucal  stinuilL     One  euiidition  ot  the  efficacy  of  eutih  of 
.  *>cm  ii^  that  it  shall  act  with  some  suddenness;  a  very  slowly 
**^ creased  pressure,  even  if  ultimately  very  great,  or  a  very 
^  I^^wly  raised  temperature,  or  a  eiowly  iiiereased  eJectrical  cur- 
^*"^ent  passed  through  it,  will  not  excite  the  muscle;  although 
^«rless  pressure,  warmth,  or  electricity  more  rapidly  applied 
"^^ould  stimulate  it  powerfully.     Once  an  eleetrii^  e4irrent  has 
Vieeij  set  up  thrutigli  a  muscle,  its  steady  passage  does  not  act 
5Jts  a  stimulus;  but  a  sudden  dimiuutiou  or  increase  of  it  does 
It  may  jwrhaps  still  be  objected  that  it  is  not  proved  tliat  any 
of  those  stimuli  excite  the  muscular  fibres,  and  that  in  all 
these  cases  it   is   possible  that  the    muscle  is  only  excited 
through  its  nerves.     For  the  various  stimufi  named  above 
also  excite  nerves  (see  Chap.  XIII),  and  when  we  apply  them 
to  the  muscle  we   may  really  he  acting  first   upon   the  line 
nerve-endings   there,  and    only  iudirectly   and    through   the 
ine<3intion  of  these  upon  the  musculur  fibres.     That  tiie  nms- 
cular  fibres  have  a  proper  irritability  of  their  own,  independ- 
ently of  their  nerves,  is,  however,  shown  by  the  action  of  cer- 
^tain  drugs — for  example  curare,  a  South  American  Indian 
arrow  poison.     When  this  substance   is   introduced   luto   a 
wound  al]  the  striped  muscles  are  apparently  poisoned,  and 
the  aniniai  dies  of  suffocation  because  of  the  cessation  of  the 
breathing  movements.     But  I  he  poison  does  not  really  act  on 
the  muscles  tliemselves:  it  kills  the  niuscle-nervcs,  but  leaves 
the  muscle  intact;  and  it  has  been  proved  to  kill  the  very 
endings  of  the  muscle-nerves  right  down  in  the  muscle-fibres 
themselves.     Yet  after  its  administration  we  still  find  that 
the  various  n  o  n  -  p  h  y  s  i  ol  o  gi  cal  s  t  i  i  u  u  1  i  re  f  e  r  r e  d  to  a  I  o  v  e  m  a  ke 
the  muscles  contract  Just  as  powerfully  as  before  the  poison- 
ing, so  we  must  conclude  that  the  muscles  tljem selves  are 
irritable  in  the  absence  of  all  nerve  stimuli  —or,  w  hat  amounts 
to  the  same  thing,  when  all  their  nerve-fibres  have  been  poi- 
soned.    The  experiment  also  shows  that  the  contractility  of  a 
muscle  is  a  property  belonging  to  itself,  and  that  its  contract- 
ing force  is  not  something  derived  from  the  nerves  attached 
to  It,     The  nerve  stimulus  simply  acts  like  tlie  electric  shock 
or  sudden  blow  and  arouses  the  muscle  to  manifest  a  property 
which  it  already  possesseb.     The  older  physiologists  observing 
that  njuscular  paralysis  followed  when  tlie  nervous  connection 
between  a  muscle  and  the  brain  wns  interrupted,  concluded 
that  the  nerves  gave  the  muscles  the  power  of  contracting. 
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They  believed  that  in  the  brain  there  was  a  great  store  of  a 
mysterious  thing  called  vital  spirits,  and  that  some  of  thii 
WHS  ejected  from  the  brain  along  the  nerve  to  the  muscle, 
when  the  latter  was  to  be  set  at  work,  and  gave  it  its  working 
power.  ^^  0  now  know  that  such  is  not  the  case,  but  that  a 
muscle-fibre  is  a  collection  of  highly  irritable  material  which 
can  have  its  equilibrium  upset  in  a  definite  way,  causing  it  to 
change  its  shai>e,  under  the  influence  of  certain  slight  disturb- 
ing forces,  one  of  which  is  a  nervous  impulse;  and  since  in 
the  Body  no  other  kind  of  stimulus  usually  reaches  the  mus- 
cles, they  remain  at  rest  when  their  nervous  connections  are 
severed.  Hut  the  muscles  paralyzed  in  this  way  can  still,  in 
the  living  Hody.  be  made  to  contract  by  sending  electrical 
shocks  through  them.  Physiologically,  then,  muscle  is  a  con« 
tractile  and  irritable,  out  not  an  automatic,  tissue. 

A  Simple  Muscular  Contraction*  Most  of  the  details  con- 
cerning the  physiological  proi)orties  of  muscles  have  been 
studied  on  those  of  cold-blooded  animals.  A  frog's  muscle 
will  retain  all  its  living  properties  for  some  time  after  re- 
moval from  the  body  of  the  animal,  and  so  can  be  experi- 
mented on  with  ejise,  while  tlie  muscles  of  a  rabbit  or  cat 
soon  die  under  those  circumstances.  Enough  has,  however, 
been  observed  on  the  muscles  of  the  higher  animals  to  show 
that  in  all  essentials  they  agree  with  those  of  the  frog  or  ter- 
rapin. 

When  a  single  electric  shock  is  sent  through  a  muscle,  the 
nerves  of  which  have  been  thrown  out  of  action  by  curare,  it 
rapidly  shortens  and  then,  if  a  weight  be  hanging  on  it,  rap- 
ivlly  lengthens  ui^uin.  The  whole  series  of  phenomena  from 
the  moment  of  stimulation  until  the  muscle  regains  its  rest- 
ing form  is  known  as  a  .simple  mvscnlar  contraction  or  a 
^'twitcli":  it  o<;cnpies  in  frog's  muscle  about  one  tenth  of  a 
second.  So  brief  a  movement  as  this  cannot  be  followed  in 
its  details  by  direct  observation,  but  it  is  possible  to  record  it 
and  study  its  phases  at  leisure.  This  may  be  done  by  firmly 
fixing  the  upper  tenilon  of  an  isolated  muscle,  3/,  Fig.  6'2, 
and  attaching  the  other  end  at  il  to  a  lever,  /,  which  can  move 
about  the  fulcrum/:  the  end  of  the  long  arm  of  the  lever 
bears  a  point,  ;y,  which  scratches  on  a  smooth  smoked  surface, 
6\  Suppose  the  surface  to  be  placed  so  that  the  writing  point 
of  the  lever  is  at  a:  if  the  muscle  now  contracts  it  will  raise 
the  point  of  the  lever,  and  a  line  ac  will  be  drawn  on  the 
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smoked  surface^  its  vertical  height^  cm,  being  dependent,  first, 
ou  the  extent  of  the  shortening  of  the  mnscleyand  second,  on 
the  proportion  between  the  long  and  short  arms  of  the  lever: 
the  longer  fpisaa  compared  with  fd,  the  more  will  the  actual 
shortening  of  the  muscle  be  magnified.  With  the  lever  shown 
in  the  figure  this  magnification  would  be  about  ten  times,  so 
that  one  tenth  of  cm  would  be  the  extent  of  the  shortening 
of  the  muscle.  Suppose,  next,  the  smoked  surface  to  be  moved 
to  such  position  that  the  writing  point  of  the  lever  touches  it 
at  i,  and,  the  muscle  being  left  at  rest,  the  surface  to  be 
moved  evenly  from  left  to  right;  the  horizontal  line  to  would 
then  be  traced,  its  length  depending  on  the  distance  through 
which  S  moved  during  the  time  the  lever  was  marking  on  it: 
and  it  is  clear  that  if  S  move  uniformly,  and  we  know  its  nte 
of  movement,  we  can  very  readily  calculate  from  the  length  of 
to  how  long  >S'  was  moving  while  that  line  was  being  traced: 
for  example,  if  we  know  the  rate  of  movement  to  be  ten 
inches  per  second,  and  on  measurement  find  to  to  be  an  inch 
long,  the  time  during  which  the  surface  was  moving  must 
have  been  ^  of  a  second ;  and  each  tenth  of  io  correspond 
to  Yfra  ^^  *  second. 

If  we  set  the  recording  surface  in  motion  and  while  the 
lever  point  is  tracing  a  horizontal  line  cause  the  muscle  to 
con  tract  y  the  point  will  be  raised  as  long  as  the  muscle  is 
contracted,  and  the  line  drawn  by  it  will  be  due  to  a 
combination  of  two  simultaneous  movements — a  horizontal, 
due  to  the  motion  of  S,  a  nearly  vertical, due  to  the  shorten- 
ing of  the  muscle;  the  resulting  line  is  a  curve  known 
as  the  curve  of  a  simple  muscular  contraction.  Let  the 
surface  S  be  placed  so  that  the  writing  point  is  at  q  and 
then  be  set  in  uniform  motion  from  left  to  right  at  the  same 
rate  as  before  (ten  inches  per  second).  When  the  point  is 
opposite  t,  stimulate  the  muscle  by  an  electric  shock;  the 
result,  until  the  muscle  has  fully  lengthened  again,  will  be  the 
curve  tuvioxtfy  from  which  many  things  may  be  learned.  In  the 
first  place  we  see  that  the  muscle  does  not  commence  to  con- 
tract at  the  very  instant  of  stimulation,  but  at  an  appreciably 
later  time,  and  during  the  interval  the  lever  draws  the  hori- 
zontal line  tu]  this  period,  occupied  by  preparatory  changes 
within  the  muscle,  is  known  as  the  period  of  latent  excitation. 
Then  the  muscle  begins  to  shorten  and  the  lever  to  rise,  at  first 
slowly  from  u  to  v,  then  more  rapidly,  and  again  more  slowly 
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ODtil  the  summit  of  the  contraction  is  reached  at  l^^     The 
nrnecle  does  not  now  instantly  rehix%l>ut  oTily  gradnallj  passes 
^ck  to  the  resting  state:  beginning  at  n\  we  see  the  descent 
of  the  carve  is  for  a  time  slow,  then  more  rapid,  and  finally 
filow  again  from  x  to  y,  when  the  contraction  is  completed 
*nd  the  lever  once  more  traces  only  t!ie  horizontal  line  t/p,  due 
to  the  continued  movement  of  the  recording  surface.     The 
curve  then  shows  three  distinct  phages  in  the  contraction  :  the 
period   of  latent  excitation;  the  period  of  shortening;  the! 
perit»d  of  elongating.     Knowing  the  rate  of  horizontal  move- 
ment, we  can  measure  off  the  time  occupied  by  each  phase. 
The  horizontal  distance  from  i  to  ti  represents  the  time  taken 
by  the  latent  excitation;  from  u  to  2,  the  time  occupied  in 
ihortemng;  from  i  to  ^,  the  time  taken  in  elongation:  in  a 
fresh  frog^s  muscle  these  times  are  respectively  ^JtYr*  jtm*  tuT 
of  a  second.     In  the  muscles  of  warm-blooded  animals  they 
are  all  shorter,  but  the  difficulties  in  the  way  of  accurate  ex- 
periment are  very  great.     If  wc  know  the  relative  lengths  of 
the  arms  of  the  lever  we  can  of  course  readily  calculate  from 
the    height,   trz^  of   the   curve  the  extent  of  shortening  of 
the  muscle.    With  a  single  electrical  stimulation  this  ia  never 
more  than  one  fourth  the  total  length  of  the  muscle. 

In  Fig.  62  the  accessory  api>aratas  used  in  practice  to  in- 
dicate on  the  moving  surface  the  exact  instant  of  stimulation 
and  to  measure  the  rate  at  which  *S  moves  have  been  omitted. 
Fhyaiologioal  Tetanua.  It  is  obvious  that  the  ordinary 
movements  of  the  Body  are  not  brought  about  by  such  tran- 
sient muscular  contractioiis  as  those  just  deycribed.  Even  a 
wink  lasts  longer  than  one  tenth  of  a  second.  Our  movements 
are,  in  fact,  due  to  more  prolonged  contractions  which  may  be 
described  as  consisting  of  several  lifnf^l^'CfnitractTonF  fnsed 
together,  and  known  as  ^^Mrmw  c(mtradioHii^\'  it  might  be 
better  to  cali  them  *' compound  contractions,*'  since  the  word 
tetanus  has  long  been  used  by  pathologists  to  signify  a  dis- 
eited  stato, such  as  occurs  in  strychnine  poisonitig  and  hydro- 
phobia, in  wiiich  most  of  tbe  muscles  of  the  Btdy  p.re  thrown 
into  prolonged  and  powerful  involuntary  contractions. 

If,  while  a  frog'g  muscle  is  still  shortening  under  the  in- 
floence  of  one  electric  shock,  another  stimulus  be  given  it,  it 
will  contract  again  and  tbe  new  contraction  will  be  added  on 
to  that  already  existing,  without  any  period  of  elongation 
occnrring  between  them.     While  the  muscle  ia  still  contract- 
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ing  under  the  influence  of  the  second  stimulus  a  third  electric 
shock  will  make  it  contract  more,  and  so  on,  until  the  muscle 
is  shortened  as  much  as  is  possible  to  it  for  that  strength  of 
stimulus.  If  now  the  stimuli  be  repeated  at  the  proper  in- 
terviils,  each  new  one  will  not  produce  any  further  shortening, 
but,  each  acting  on  the  muscle  before  the  effect  of  the  last 
has  begun  to  pjiss  off,  the  muscle  will  be  kept  in  a  state  of 
permanent  or  "tetanic'' contraction;  and  this  can  be  main- 
tained, by  continuing  the  application  of  the  stimuli,  until  the 
organ  begins  to  get  exhausted  or  '*  fatigued  ";  elongation  then 
commences  in  spite  of  the  stimulation.  When  our  muscles 
are  stimulated  in  the  Body,  from  the  nerve-centres  through 
the  nerves,  they  receive  from  the  latter  a  sufficient  number 
of  stimuli  in  a  second  (the  exact  number  is  still  doubtful)  to 
throw  them  into  tetanic  contractions.  In  other  words,  not 
even  in  the  most  rapid  movements  of  the  Body  is  a  muscle 
made  to  execute  a  simple  muscular  contraction;  it  is  always 
a  longer  or  a  shorter  tetanus.  When  very  quick  movements 
are  executed,  as  in  performing  rapid  passages  on  the  piano, 
the  result  is  obtained  by  contracting  two  opposing  muscles 
and  alternately  strengthening  and  weakening  a  little  the 
tetanus  of  each. 

Causes  affecting  the  Degree  of  Musoular  Contraction. 
The  extent  of  shortening  which  can  be  called  forth  in  a  mus- 
cle varies  with  the  stimulus.  In  the  first  place,  a  single  stim- 
ulus can  never  cause  a  muscle  to  contract  as  much  as  rapidly 
repeated  stimuli  of  the  same  strength — since  in  the  latter 
(!ase  we  get,  as  already  explained,  sevenil  simple  contractions 
such  as  a  single  stimulus  would  call  forth,  piled  on  the  top 
of  one  another.  With  powerful  repeated  electrical  stimuli 
a  muscle  can  be  made  to  shorten  to  one  third  of  its  resting 
length,  but  in  the  Body  the  strongest  effort  of  the  Will  never 
produces  a  contraction  of  that  extent.  Apart  from  the  rate 
of  stimulation,  the  strength  of  the  stimulus  has  some  influ- 
ence, a  greater  stimulus  causing  a  greater  contraction;  but 
very  soon  a  j)oint  is  reached  beyond  which  increase  of  stimu- 
lus produces  no  increased  contraction;  the  muscle  has  reached 
its  limit.  The  amount  of  load  carried  by  the  muscle  (or  the 
resistance  opposed  to  its  shortening)  has  also  an  inflnence, 
and  that  in  a  very  remarkable  way.  Suppose  we  have  a  frog's 
calf-muscle,  carrying  no  weight,  and  find  that  with  a  stimulus 
of  a  certain  strength  it  shortens  two  millimeters  (^  inch). 
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^  tien  if  we  hang  one  gnim  (15,5  gmiir.^)  on  it  and  give  it  the 
*^^fn(?  stimulus,  it  will  be  foiHiii  tu  cunlruct  mure,  suy  four  or 
"  Vf  Di ill i meters,  and  m  on,  up  to  the  point  when  it  carries 
^^  ght  or  teu  gniius.     After  that  an  increased  weight  wilL 
^^ith  the  same  stimulu^t  cause  a  less  cojitntction.     So  that  u]> 
I  ^o  a  certain  limit,  resistance  to  the  sh  trtening  of  the  inoscie 
*Make8  it  more  able  to  ghorten:  the  mere  greater  extension  of 
t^lie  mnsele  due  to  the  greater  resistance  opposed  to  its  short- 
^Ding,  puts  it  into  a  state  in  which  it  is  able  to  contract  more 
powerfully.      Fatigue  diminishes  the  working   power  of   a 
tnu^le  and  rest  restores  it,  especially  if  the  circulation  of  the 
blooii    be  going  on   in  it  at  the  same  time.     A  frog's  muscle 
cm  out  of  the  body  will,  however,  be  considerably  restored 
during  a  period  of  rest,  even  altliough  no  blood  tlow  through  it. 
Cold    increases  the  time  occujiied   by  a  simj>le  muscular 
ceutriiction,  and  also  impairs  the  c<*ntractile  power,  as  we 
^ind  in  onr  own  liujbs  when  "  numbed  "  with  cold,  though  in 
that  rase  the  hurtful  influeure  of  the  cold  on  the  nerves  tr» 
doubt  also  plavi^  h  part,     M<»derate  warmtli  on  the  other  ]iand, 
op  to  near  the  point  at  which  death  stifTening  (often  in  this 
case  sj)oken  of  aa  heat  rif/or)  occurs,  diminishes  tlie  time 
taken  by  a  contraction,  and  increitses  its  height.     Heat  rigor 
ii^  jirminced   in  excised   frog's  mnsele  by  heatirjg  it  to  about 
40  C,  (104'"  F,)     The  retpiired  temperature  is  higher  in  warm 
blooded  animals,  especially  while  the  circulation  through  tlie 
ntuscle  is  raaintained:    in  fevers  temperatures  considerably 
great4:*r  than  the  above  have  been  observeil  without  the  occur- 
rence of  muscular  rigor. 

The  Measure  of  Mtiscular  Work.  The  work  done  by  a 
tnoicle  in  a  given  contraction,  when  it  lifts  a  weight  verti- 
cal! v  against  gravity,  is  niea^urud  by  the  weiglit  moved,  mul- 
tipHed  by  the  distance  through  which  it  is  moved.  When  a 
moficle  contracta  carrying  no  load  it  does  very  little  work, 
lifting  only  its  own  weight:  when  loaded  w^itl*  one  t^ram  and 
lifting  it  five  TnilU meters  it  does  five  gram-millimeters  of 
work,  just  as  an  engineer  w^ould  say  an  engine  had  done  so 
many  kilogrammeters  or  foot-pounds.  If  loaded  with  ten 
grjims  and  lifting  it  six  millimeters  it  would  do  sixty  gram- 
millimeters  of  work.  Even  after  the  weight  becomes  so  great 
that  it  is  lifted  through  a  less  distance,  the  work  done  by  the 
H     mascle  goes  on  increasing,  for  the  heavier  weight  lifted  more 
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raised.  For  example,  if  the  above  mnscle  were  loaded  with 
fifty  grams  it  would  maybe  lift  that  weight  only  1.5  millime- 
ters,  but  it  would  then  do  seventy-five  gram-millimeters  of 
work,  which  is  more  than  when  it  lifted  ten  grams  six  milli- 
meters. A  load  is,  however,  at  last  reached  with  which  the 
muscle  does  less  work,  the  lift  becoming  very  little  indeed, 
until  at  last  the  weight  becomes  so  great  that  the  muscle  can- 
not lift  it  at  vW  and  so  does  no  work  when  stimulated.  Starting 
then  from  the  time  when  the  muscle  carried  no  load  and  did 
no  work,  we  pass  with  increasing  weights,  through  phases  in 
which  it  does  more  and  more  work,  until  with  one  particular 
load  it  does  the  greatest  amount  possible  to  it  with  that  stim- 
ulus: after  that,  with  increasing  loads  less  work  is  done,  until 
finally  a  load  is  reached  with  which  the  muscle  again  does  no 
work.  What  is  true  of  one  muscle  is  of  course  true  of  all, 
and  v/hat  is  true  of  work  done  against  gravity  is  true  of  all 
muscular  work,  so  that  there  is  one  precise  load  with  which 
a  beast  of  burden  or  a  man  can  do  the  greatest  possible 
amount  of  work  in  a  day.  With  a  lighter  or  heavier  load  the 
distance  through  which  it  can  be  moved  will  be  more  or  less, 
but  the  actual  work  done  always  less.  In  the  living  Body, 
however,  the  working  of  the  muscles  depends  so  much  on 
other  things,  as  the  due  action  of  the  circulatory  and  respira- 
tory systems  and  the  nervous  energy  or  "  grit ''  (upon  which 
the  stimulation  of  the  muscles  depends)  of  the  individual 
man  or  beast,  that  the  greatest  amount  of  work  obtainable  is 
not  a  simple  mechanical  problem  as  it  is  with  the  excised 
muscle. 

PVom  what  precedes  it  is  clear  that  the  molecular  changes 
wliich  take  j)lace  in  a  contracting  muscle  fibre  are  eminently 
susceptible  of  modification  by  slight  changes  in  its  environ- 
ment. The  evidence  indicates  that  the  contractility  of  a 
muscle  depends,  not  upon  a  vital  force  entirely  distinct  from 
ordinary  inanimate  forces,  but  upon  an  arrangement  of  its 
material  elements  which  is  only  maintained  under  certain 
conditions  and  is  eminently  modifiable  by  changes  in  the 
surroundings. 

Influence  of  the  Form  of  the  Muscle  on  its  Working 
Power.  The  amount  of  work  that  any  muscle  can  do  de- 
pends of  course  largely  upon  its  physiological  state;  a  healthy 
well -nourished  muscle  can  do  more  than  a  diseased  or  starved 
one;  but  allowing  for  such  variations  the  work  which  can  be 
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<^lie  by  a  muscle  varies  with  its  form.     The  thicker  the  miis- 

^y^,  that  is  the  greater  the  Dumber  of  fibres  present  in  a  sec- 

^i^Dn  made  across  the  long  axes  of  the  fjisciculi,  the  greater 

^Vie  load  that  can  be  Hfted  or  the  other  resistance  that  can  be 

^^^orcome.     On  the  otlier  hand,  the  extent  through  which  a 

^•*iuscle  can  move  u  weight  increases  with  the  length  of  its 

"^3ifieicnli.     A  muscle  a  foot  in  length  can  contract  more  than 

^*  muscle  six  inches  h>ng,  and  so  would  move  h  bone  through 

^  greater  distance,  prtjvided  the  resistance  were  not  too  great 

:for  its  strength.     But  if  the  shorter  muscle  had  double  the 

thickness^  then  it  could  lift  twice  the  weight  that  the  longer 

muscle  could,     Wc  find  in  the  Jk»dy  niuscles  constructed  on 

both  plans;  some  to  have  a  great  range  of  movement,  others 

to  overcome  great  resistance,  besides  numerous  intermediate 

forms  which  cannot  be  called  either  long  and  slender  or  short 

and  thick;  many  short  niuscles  for  example  are  not  specially 

thick,  but  are  short  merely  because  the  parts  on  which  they 

act  lie  near  together.     It  must  be  borne  in  mind,  too,  that 

many  apparently  long  muscles  are  really  short  stout  ones — 

those  namely  in  which  a  tendon  runs  down  the  side  or  middle 

of  the  muscle,  and  has  the  fibres  inserted  oblicjuely  into  it. 

The  muscle  {gasirocnemius)  in  the  calf  of  the  leg  for  instance 

(Fig.   fl'^,  B)  is  really  a  short  stout  muscle,  for  its  working 

length  depends  on  the  length  of  its  fasciculi  and  these  are 

[abort  and  oblique*  while  its  true  cross-section  is  that  at  right 

ogles  to  the  fasciculi  and  is  considerable.     The  force  with 

hich  a  muscle  can  shorten  is  very  great.     A  frog's  muscle  of 

square  centimeter  (0.39  inch)  in  section  can  Just  lift  *2800 

iraa  (98.5  ounces)^  and  a  human  muscle  of  the  same  area 

more  than  twice  as  much. 

Muscular  Elasticity.     A  clear  distinction  must  be  made 

between  elasticity  and  contractility.     Elasticity  is  a  physical 

irojierty  of  matter  in  virtue  of  which  various  bodies  tend  to 

«S8iime  or  retain  a  certain  shape,  and  when  removed  from  it, 

forcibly  to  return  to  it.    When  a  spiral  steel  spring  is  stretched 

it  will,  if  let  go,  "contract"  in  a  certain  sense,  by  virtue  of  its 

elasticity,  but  such  a  contraction   is  clearly  quite  different 

■om  a  muscular  contraction.     The  spring  will  only  contract 

a  result  of  previous  distortion;  it  cannot  originate  a  change 

\t  form,  while  the  muscle  can  actively  contract  or  change  its 

[ihApe  when  a  stimulus  acts  upon  it,  and  that  without  being 

previously  stretched.     It  does  not  merely  tend  to  return  to  a 
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natural  shape  from  which  it  has  been  removed,  bat  it  assumes 
a  quite  new  natural  shape,  so  that  physiological  contractility 
is  a  different  thing  from  mere  physical  elasticity;  the  essen- 
tial difference  being  that  the  coiled  spring  or  a  stretched  band 
only  gives  back  mechanical  work  which  has  already  been  spent 
on  it,  while  the  muscle  originates  work  independently  of  any 
previous  mechiinical  stretching.  In  addition  to  their  contrac- 
tility, however,  muscles  are  highly  elastic.  If  a  fresh  muscle 
be  hung  up  and  its  length  meiisured,  and  then  a  weight  be 
hung  upon  it,  it  will  stretch  just  like  a  piece  of  india-rubber, 
and  when  the  weight  is  removed,  provided  it  has  not  been  so 
great  as  to  injure  the  muscle,  the  latter  will  return  passively, 
without  any  stimulus  or  active  contraction,  to  its  original 
form.  In  tlie  Body  all  the  muscles  are  so  attached  that  they 
are  usually  a  little  stretched  beyond  their  natural  resting 
length;  80  that  when  a  limb  is  amputated  the  muscles  divided 
in  the  stump  shrink  away  considerably.  By  this  stretched 
state  of  the  resting  elastic  muscles  two  things  are  gained.  In 
the  first  place  when  the  muscle  contracts  it  is  already  taut, 
there  is  no**  slack  "to  be  hauled  in  before  it  pulls  on  the 
parts  attached  to  its  tendons:  and,  secondly,  as  we  have 
already  seen  the  working  power  of  a  muscle  is  increased  by 
tlie  ])reseuce  of  some  resistance  to  its  contraction,  and  this  is 
always  provided  for  from  the  first,  by  liaving  the  origin  and 
insertion  of  tlie  muscles  so  far  apart  as  to  be  pulling  on  it 
when  it  begins  to  shorten. 

The  Electrical  Currents  of  Muscle.  When  a  muscle  is 
exposed  in  the  body  or  carefully  removed  from  it  and  suitable 
electrodes  connected  with  a  sensitive  galvanometer  are  applied 
to  different  parts  of  its  surface,  there  is  nearly  always  to  be 
found  evidence  of  a  difference  of  electric  potential  between 
different  parts  of  tlie  muscle.  These  differences  give  rise  to 
currents  whicli  are  sliown  by  the  galvanometer  to  travel 
tlirougli  the  wires  of  the  circuit  from  any  central  portion  of 
the  muscle  to  any  part  nearer  one  end,  or  from  any  part  of  the 
belly  to  a  tendon.  The  less  injured  the  muscle  the  more 
feeble  are  tliese  currents,  and  in  very  fresh  and  very  carefully 
exposed  muscles  they  may  be  absent  altogether.  They  are 
probably  altogether  absent  from  perfectly  uninjured  resting 
muscles,  and  when  present  in  a  resting  muscle  are  due  to  the 
fact  that  any  more  living  i)art  of  a  muscle  is  electrically  posi- 
tive to  a  more  injured  or  dead.     When  a  muscle  is  exposed 
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'te  thinner  endg  die  more  quickly  tban  its  central  parts,  or 

the  euds  are  directly  injured  when  the  innscle  is  cut  across  to 

remove  it  from  the  animal  j  and  in  that  wiiy  tlie  currents  ao 

iiEnally  observable  arise.     When  all  of  n  muscle  is  dead,  its 

surface  is  isoelectric;  no  currents  can  be  led  otf  from  it. 

Even  a  quite  uninjured  rauscle  is  however,  capable,  of  giv- 
ijig  rise  to  currents  when   it  contracts,  and  the^e  nurrents 
;pass  in  such  direction  as  to  show  that  a  portion  of  muscle 
in  contraction  is  electronegative  to  a  portion  at  rest.     If  a 
curarized  muscle  be  stimulated  at  one  point,  its  contraction 
commeuces  at  that  point  and  travels  from  it  over  the  remainder 
of  the  muscle;  so  that  by  the  time  a  distiuit  portion  is  in  con- 
tmction  the  part  which  just  contracted  has  eouie  to  rest.     By 
electrodes  suitably  applied  it  can  be  observed  that  imraedi- 
al4*ly  after  the  stimulation  the  region  of  muscle  close  to  the 
jjoint  of  stimulation  is  electro-tn^gativc  to  a  more  distant  part; 
but  that  afterwards,  when  a  distant  portion  is  in  contraction 
and  the  stimulated  region  hii»  returned  to  rest,  the  reverse  is 
the  case.     Electrically,  therefore,  any  contracting  part  of  a 
muscle  has  to  any  resting  part  a  relation  similar  to  that  of  a 
dying  or  injured  part  of  a  muscle  to  an  nuinjured.     The  cur- 
rents which  arise  in  consequence  of  the  changes  going  on  in 
contracting  muscle  are  known  as  the  avilon  curtmtti  to  dis- 
tinguish them  from  the  resting  currentH  due  to  unequal  rates 
of  death  usually  found  between  different  parts  of  an  exposed 
muscle  in  rest. 

When  a  mujjcle  is  stimulated  through  its  nerve  the  action 
current  is  lc«s  easy  to  demonstrate,  because  the  nerve  fibres 
branch  all  through  the  muscle  and  stimulate  all  parts  of  it  at 
once,  and  throw  all  simultaneously  into  contraction.  The  cur- 
re  n  t  m ay ^  h  o  w  e ver ,  b  e  s h o  w  n  i  n  tl  t  rec  tl y .  Amu  sc  1  e  is  re  n  i  o ved 
with  its  nerve  attached  and  electrodes  put  on  it — ooe»  for  ex- 
p]e,on  the  middle  of  the  beily  and  the  other  on  tlie  tendon, 
as  to  show  on  the  galvanometer  a  resting  current.  If  the 
muiKile  be  now  made  to  contract  by  stimulating  its  nerve  the 
current  is  dimiuished,  or,  as  is  said,  shows  a  neffative  vttriti' 
twn.  The  cause  of  this  is  as  follows:  The  amount  of  resting 
current  depends  on  the  difference  between  the  less  injured 
lly  of  the  muscle  and  the  injured  end;  anything  which 
lakee  these  two  les^  different  electrically  must  diminish  this 
current;  and  as  contracted  muscle  is  electrically  like  dying 
mnscht,  when  we  throw  the  whole  into  activity  tlie  previously 
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existing  difference  is  less  than  it  was,  and  this  the  galya^ 
nometer  shows  as  the  negative  variation. 

Secondary  Contraction.  It  is  possible  to  use  the  action 
current  of  one  muscle  to  stimulate  the  nerve  of  a  second  and 
produce  a  contraction.  For  this  purpose  two  frogs'  muscles^ 
A  and  B^  are  carefully  dissected  out  with  their  nerves  at- 
tached. The  nerve  of  B  is  laid  over  A  so  that  one  part  of  it 
lies  on  the  belly  and  another  on  the  tendon.  If  the  nerve 
of  A  be  stimulated  by  a  single  induction  shock,  for  each 
contraction  of  A  we  get  a  contraction  of  B,  the  negative 
variation  of  the  muscle  current  of  A  being  the  stimulus  for 
the  nerve  of  B. 

Secondary  Tetanus.  If  the  nerve  of  -4  be  given  rapidly 
repeated  stimuli  so  as  to  throw  that  muscle  into  tetanic  con- 
traction, B  is  also  tetanized.  This  is  of  importance,  as  tend- 
ing to  show  that  tlie  tetanus  of  A  is  really  a  compound  con- 
traction, although  to  the  eye  or  as  recorded  by  a  lever  it  is  one 
unbroken  shortening.  If  the  electrical  condition  of  A 
remained  uniform  during  contraction,  there  should  be  no 
tetanus  of  B,  but  merely  a  simple  contraction  due  to  the  set- 
ting up  of  the  action  current  or  negative  variation  when  A 
commenced  to  contract,  and  a  second  due  to  the  cessation  of 
this  current  when  A  came  to  rest  again.  The  tetanus  of  B 
must  be  due  to  rapidly  repeated  electrical  variations  in  A,  and 
these  probably  correspond  to  the  potentially  separate  con- 
tractile changes  going  on  in  A,  and  fused  into  its  apparently 
uniform  tetanic  contraction. 

The  Source  of  Muscular  Energy  will  be  more  fully  dis- 
cussed in  the  chapter  on  nutrition,  but  a  few  of  the  main 
points  may  be  mentioned  here.  A  muscle  where  it  contracts 
is  able  to  do  work  by  using  energy  set  free  by  chemical 
changes  occurring  within  it,  as  a  steam-engine  does  work  by 
using  the  energy  set  free  by  the  chemical  changes  occurring 
in  the  combustion  of  its  fuel;  and  as  in  the  steam-engine, 
so  here,  the  fundamental  change  is  an  oxidative  one,  though  in 
the  muscle  a  very  indirect  oxidation.  A  fresh  frog's  muscle 
deprived  of  blood  contains  no  uncombined  oxygen;  hung  up 
in  an  atmosphere  of  pure  nitrogen  it  can  be  made  to  contract 
and  do  a  great  deal  of  work  before  it  dies  and  passes  into 
rigor  mortis.  While  doing  this  work  it  gives  off  carbon-diox- 
ide gas  and  becomes  acid  from  the  formation  (probably)  of 
sarcolactic  acid,  but  there  does  not  appear  to  occur  any  ap- 
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preciable  increase  of  oxygen-containing  nitrogen  compounds 

in  it.     AsjOnder  the  conditions  of  the  experiment,  no  free 

oxygen  is  avatkble,  the  carbon  dioxide  most  be  derived  from 

the  breaking  down  of  something  present  in  the  muscle ;  and 

Wks  the  forniatioTi  of  aarcolactic  acid  varies  in  amount  with 

that  of  carbon  dioxide,  and  both  increase  with  the  work  done 

by  the  muscle,  it  would   seem  as  if  the  ^jmrgy  set  free  were 

obtained    by   the   breaking  down  of    some   highly   unstable 

non- nitrogenous  energ^^-j^lding  matter  stored  in  the  muscle. 

And  such  u  view  gains  support  from  the  fact  that  a  man 

doing  hard   muscular  work  gives  off  per  hour  a  great  deal 

more  carbon  dioxide  through  his  lungs  than  a  man  at  rest, 

Qd  does  not  give  off  any  or  very  little  more  nitrogenous 

Vaste  matter. 

>But  a  mnscle  placed  as  above  described  and  made  to  work 
^^^aaaes  into  rigor  sooner  than  a  nniacle  similarly  situated  and 
left  at  rest:  and  this  shows  that  work  tends  to  favor  tlic  pro- 
duction of  myosin,  or  rather  of  its  immediate  precursor  myo- 
ainogen,  in  the  muscle:  so  here  we  get  some  evidence  ibat  the 
nitrogenous  muscle  constituents  are  influenced  and  altered 
though  not  oxidized  during  work.  Further,  when  a  muscle 
passes  into  rigor  it  gives  oflf  carbon-dioxide  gas,  whether  it 
has  been  worked  previously  or  not;  if  so  situated  as  to  be 
dej)rived  of  all  exterior  sources  of  supply,  it  gives  off  less 
when  becoming  rigid  after  work  than  when  becoming  rigid 
without  having  been  worked;  but  the  difference  is  almost 
accurately  accounted  for  by  the  greater  f|uantity  of  carbon 
dioxide  the  working  muscle  had  previonsly  given  out.  This 
;ge8t8  that  the  chemical  phenomena  of  rigor  and  of  work 
esBentially  alike,  being  merely  carried  to  an  extreme  in 
the  former. 

Most  of  the  facts  can  be  accounted  for  by  the  supposition 
that  there  is  in  living  muscle  a  store  of  an  unstable  substance 
containing  nitrogen,  hydrogen,  carlwn,  and  oxygen.  For  this 
hypothetic  suBstance  the  name  itwgen  has  been  proposed. 
During  work  inogen  is  used  up  and  broken  into  a  highly 
h oxidized  part*  carbon  dioxide;  an  oxidized  body  containing 
'oarbon  and  hydrogen,  as  sarcolactic  acid  (C  JI/J  J ;  and  a 
third  body  allied  to  myosinogen  and  containing  all  the  nitro- 
gen and  some  of  the  oxygen,  carbon^  and  hydrogen  of  the 
original  inogen-  In  the  products  of  this  alteration  stronger 
chemical  affinities  are  satisfied  than  in  the  original  compound. 
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and  thus  energy  is  liberated  and  used  by  the  muscle.  In  the 
ordinary  course  of  events  the  carbon  dioxide  is  carried  ofiP  by 
blood  and  lymph  and  eliminated  from  the  Body ;  the  sarco- 
lactic  or  other  similar  substance  or  substances  are  also  carried 
off  and  oxidized  elsewhere  to  form  carbon  dioxide  and  water 
and  be  then  eliminated ;  but  the  nitrogen-containing  product 
remains  l>ehind,  and  with  the  help  of  fresh  oxygen  and  of 
other  food  material  brought  by  the  blood  is  re^s^usjtirncted  into 
the  original  inogcn.  In  the  excised  muscle  there  is  but 
scant  store  of  material  for  repair;  carbon  dioxide  is  given 
off  when  the  muscle  contracts,  and  the  sarcolactic  acid  and 
nitrogen-containing  product  accumulate:  the  latter  then 
undergoes  further  changes,  and  ultimately  becomes  myosin. 
If  the  excised  muscle  be  thrown  into  rigor  quickly  (as  by 
heat),  then  the  inogen  is  at  once  broken  up,  forming  myosin 
and  carbon  dioxide  and  sarcolactic  acid:  if  it  be  worked 
for  a  time  before  being  thrown  into  rigor,  then  some  of  its 
inogen  will  have  been  already  broken  up,  so  there  will  be  less 
to  give  rise  to  carbon  dioxide  at  the  moment  of  rigor,  but  the 
missing  amount  is  found  in  that  given  off  during  work.  If 
some  such  view  as  this,  which  may  be  called  the  "  inogen 
theory,"  be  the  correct  one,  then  the  energy  liberated  by  a 
resting  muscle  passing  into  rigor  must  take  some  other  form 
than  muscular  work.  As  a  matter  of  fact  a  good  deal  of  heat 
is  liberated  during  death  stiffening,  but  whether  sufficient  to 
account  for  all  the  missing  energy  is  by  no  means  clear.  The 
whole  subject  of  tlie  immediate  source  of  muscular  work  is 
still  in  much  need  of  elucidation. 

Physiology  of  Plain  Muscular  Tissue.  What  has  hither- 
to been  said  applies  especially  to  the  skeletal  muscles;  but 
in  the  main  it  is  true  of  the  unstriped  muscles.  These  also 
are  irritable  and  contractile,  but  their  changes  of  form  are 
much  more  slow  tlian  those  of  the  striated  fibres.  Upon 
stimulation,  a  longer  period  of  latent  excitement  elapses 
before  the  contraction  commences  and  when,  finally,  this 
takes  place  it  is  comparatively  very  slow,  gradually  attaining 
a  maximum  and  gradually  passing  away. 

Unstriped  muscular  tissue  has  a  remarkable  power  of 
remaining  in  the  contracted  state  for  long  periods:  the  mus- 
cular coats  of  many  small  arteries,  for  example,  are  rarely 
relaxed;  sometimes  they  may  be  more  contracted,  sometimes 
less,  but  in  health  seldom  if  ever  completely  at  rest.     There 
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seems  to  be  some  connection  between  that  arrangement  of 
trhe  contractile  substance  which  shows  itself  under  the  micro- 
scope as  striation  and  the  power  of  rapid  contraction,  since 
^e  find  that  the  heart,  which  is  not  a^keletal  or  voluntary 
:inu8cle  but  yet  one  that  contracts  rapidly,  agrees  with  these 
in  having  its  fibres  striated.     This  connection  is  further  illus- 
trated by  facts  of  comparative  anatomy:   insects  are,  as  a 
rule,  rapidly  moving  animals,  and  they  are  characterized  by 
very  marked  striation  of  nearly  all  their   muscular  tissue; 
while  in  the  slow-moving  molluscs  nearly  all  the  muscular 
tissue  is  unstriped  except  in  a  few,  as  Pecten,  which  make 
rapid  movements,  and  in  that  genus  the  muscles  concerned 
in  producing  these  movements  are  striated. 


CHAPTER  XL 
MOTION  AND  LOCOMOTION. 

The  Speoial  Physiology  of  the  Muscles.  Having  now 
cousidered  separately  the  structure  and  properties  in  general 
of  the  skeleton,  the  joints,  and  the  muscles,  we  may  go  on  to 
consider  how  they  all  work  together  in  the  Body.  Although 
the  properties  of  muscular  tissue  are  everywhere  the  same, 
the  uses  of  different  muscles  are  very  varied,  by  reason  of  the 
different  parts  with  which  they  are  connected.  Some  are 
muscles  of  respiration,  others  of  deglutition;  many  are  known 
9A  flexors  because  they  bend  joints,  others  as  extensors  because 
they  straighten  them.  The  exact  use  of  any  particular  mus- 
cle, acting  alone  or  in  concert  with  others,  is  known  as  its 
special  phi/siologi/,  as  distinguished  from  its  general  physiol- 
ogy, or  properties  as  a  muscle  without  reference  to  its  use  as 
a  muscle  in  a  particular  place.  The  functions  of  those  mus- 
cles forming  parts  of  the  physiological  mechanisms  concerned 
in  breathing  and  swallowing  will  l)e  studied  hereafter;  for 
the  present  we  may  consider  the  muscles  which  co-operate  in 
maintaining  postures  of  the  Body;  in  producing  movements 
of  its  larger  parts  with  reference  to  one  another;  and  in  pro- 
ducing locomotion  or  movement  of  the  whole  Body  in  space. 

In  nearly  all  cases  the  striped  muscles  carry  out  their  func- 
tions with  the  co-oi)eration  of  the  skeleton,  since  nearly  all 
are  fixed  to  bones  at  each  end,  and  when  they  contract  pri- 
marily move  these,  and  only  secondarily  the  soft  parts  attached 
to  them.  To  this  general  rule  there  are,  however,  exceptions. 
The  muscle  for  example  which  lifts  the  upper  eyelid  and 
opens  the  eye  arises  from  bone  at  the  back  of  the  orbit,  but 
is  inserteil,  not  into  bone,  but  into  the  eyelid  directly;  and 
similarly  other  muscles  arising  at  the  back  of  the  orbit  are 
directly  fixed  to  the  eyeball  iu  front  and  serve  to  rotate  it 
on  the  pad  of  fat  on  which  it  lies.  Many  facial  muscles  again 
have  no  direct  attachment  whatever  to  bones,  as  for  example 
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B^HiBcle  (orbieHhtris  oris)  which  surrouuds  the  mouth- 
openings  and  by  its  contraction  miirowa  it  and  purses  out  the 
Xips;  or  the   arbicuiaris  palpehrarnm   which   similarly  eur- 
xounds  the  eyes  and  when  it  contracts  closes  them. 

XjGTerfi  in  the  Body.  When  tlie  muscles  serve  to  more 
bunes  the  latter  are  in  nearly  all  cjises  to  be  regarded  m  levers 
whose  fulcra  lie  at  the  Joint  where  the  movement  takes  place. 
Examples  of  all  the  three  forms  of  levers  recognized  iu  me- 
chanics are  found  in  the  Human  Body. 

Layers  of  the  First  Order.  In  this  form  (Fig,  63)  the 
fulcrum  or  fixed  point  of  support  lies  between  the  "  weight " 
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or  resistance  to  be  overcome  and  the  *' power '*  or  moving 
force,  as  shown  in  the  diagram.  The  distance  PF^  from  the 
power  to  the  fulcrum,  is  called  the  "power-arm;''  the  dis- 
tance FW  is  the  "weight-arm*"  Wlien  power-arm  and 
weight-arm  are  equal ♦  as  is  the  case  in  the  beam  of  au  ordi- 
nary pair  of  scales,  no  mechanical  advantage  is  gained,  nor  is 
there  any  loss  or  gain  in  the  distance  through  which  the  weight 
is  moYed.  For  every  inch  through  which  P  is  depressed,  W 
will  be  raised  an  equal  distance.  When  the  power-arm  is 
longer  than  the  other,  then  a  smaller  force  at  P  will  raise  a 
larger  weight  at  W^  the  gain  being  proportionate  to  the  dif- 
ference in  the  lengths  of  the  arms.  Fur  example  if  PF  is 
twice  as  long  as  FU\  then  half  a  kilogram  applied  at  P  will 
balance  a  whole  kilognim  at  IF,  and  just  more  than  half  a 
kilogram  would  lift  it ;  but  for  every  centimeter  through 
which  F  descended,  IF  would  only  be  lifted  half  a  centimeter. 
On  the  other  hand  when  the  weight-arrn  in  a  lever  is  longer 
than  the  power-arm,  there  is  loss  in  force  but  a  gain  in  the 
distance  through  which  the  weight  is  moved. 

Examples  of  the  first  form  of  lever  are  not  numerous  in 
the  Human  Body.  One  is  afforded  in  the  nodding  move- 
ments of  the  head,  the  fulcrum  being  the  articulations  be- 
tween the  skull  and  the  atlas.  When  the  chin  is  elevated 
the  power  is  applied  to  the  skull,  behind  the   fulcrum,  by 
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small  muscles  passing  from  the  vertebral  column  to  the  occi- 
put; the  resistance  is  the  excess  in  the  weight  of  the  part  of 
the  head  in  front  of  the  fulcrum  over  that  behind  it,  and  is 
not  great.  To  depress  the  chin  as  in  nodding  does  not  neces- 
sarily call  for  any  muscular  effort,  as  the  head  will  fall  for- 
ward of  itself  if  the  muscles  keeping  it  erect  cease  to  work, 
as  those  of  us  who  have  fallen  asleep  during  a  dull  discourse 
on  a  hot  day  have  learnt.  If  the  chin  however  be  depressed 
forcibly,  as  in  the  athletic  feat  of  suspending  one*8  self  by 
the  chin,  the  muscles  passing  from  the  chest  to  the  skull  in 
front  of  the  atlanto-occipital  articulation  are  called  into  play. 
Another  example  of  the  employment  of  the  first  form  of  lever 
in  the  Body  is  afforded  by  the  curtsey  with  which  a  lady 
salutes  another.  In  curtseying  the  trunk  is  bent  forward  at 
the  hip-joints,  which  form  the  fulcrum;  the  weight  is  that  of 
the  trunk  acting  as  if  all  concentrated  at  its  centre  of  gravity, 
which  lies  a  little  above  the  sacrum  and  behind  the  hip-joints; 
and  the  power  is  afforded  by  muscles  passing  from  the  thighs 
to  the  front  of  the  pelvis. 

Levers  of  the  Second  Order.  In  this  form  the  weight  or 
resistance  is  between  the  power  and  the  fulcrum.  The 
power-arm  PF\^  always  longer  than  the  weight-arm  WFj 
and  so  a  comparatively  weak  force  can  overcome  a  consider- 
able resistance.  But  it  is  disadvantageous  so  far  as  regards 
rapidity  and  extent  of  movement,  for  it  is  obvious  that  when 
P  is  raised  a  certain  distance  W  will  be  moved  a  less  distance 
in  the  same  time.  As  an  example  of  the  employment  of  such 
levers  (Fi<i:.  64)  in  the  Body,  we  may  take  the  act  of  standing 
on  the  toes.  Hore  the  foot  represents  the  lever,  the  fulcrum 
is  at  the  contact  of  its  fore  part  with  the  ground  ;  the  weight 


Fig.  64.— a  lever  of  the  second  order.    F,  fiilcnim  ;  P,  power :  IF,  weight.    The 
arrows  indicate  tlie  direction  in  which  the  forces  act. 

is  that  of  the  Body  acting  down  through  the  ankle-joints  at 
TiXy  Fig.  65 ;  and  the  power  is  the  great  muscle  of  the  calf 
acting  by  its  tendon  inserted  into  the  heel-bone  (CVr,  Fig.  65). 
Another  example  is  afforded  by  holding  up  the  thigh  when 
one  foot  is  kept  raised  from  the  ground,  as  in  hopping  on  the 
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other,    Here  the  folcnim  is  at  the  hip-joint,  the  power  is  ap- 
plied at  the  knee-cap  by  a  great  nmsL-le  (recfusfemorU')  which 
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Yin  <tt.— TTn"  »k»»fH<m  of  th#«  fnot  from  the  outer  *♦{.(♦•  Tt,  ?!urtAcf  wUh  which 
ttii*  lr*r  boiit**!  iirtirtilat'*  ;  Cn,  rlic  euleati4euui  into  which  the  tendon  itfudo  Athitiisl 
rtf  tli«"  civif  iDUMCle  l^  inaertt^fl  ;  A/r^  the  ineUirnrsttl  bone  of  the  flfih  dIgU  ;  N,  ttl«r 
iotfkhojtl  tMiue ;  CJ*  CU,  CIJI,  fIrKt,  seoind,  imd  third  cuneCform  boitiss ;  C6,  the 

13  inserted  there  and  arises  from  the  pelvis;  urul  the  weight 
i«  that  of  the  whole  lower  liriihiietfug  at  its  centre  of  grsivity, 
which  lies  aontewhere  in  the  ihigh  between  tlie  hip  and 
knee-joints,  that  is  Ijetween  the  fulcrnm  and  tiie  point  of  ap- 
plicution  of  the  fiower. 

Levers  of  the  Third  Order.  In  these  {Fig.  C>6)  the  power 
11  between  the  fulcrnm  and  tfie  woi^Hit.  In  sncli  levers  the 
veight-arm  is  always  longer  than  I  he  powerHirm.  so  the  power 
works  at  a  mechanical  disadvantage,  bnt  swiftness  and  range 
of  movement  are  gained.  It  is  the  lever  most  conimonly  used 
in  the  Hnnian  Body.  For  example,  when  the  forearm  is 
bent  np  towards  the  arm,  the  fnhirnm  is  the  elbow- joint,  the 
power  is  applied  at  the  insertion  of  the  bioe]»s  mnsele  (Fig, 
512)  into  the  radius  and  of  another  mnsele  (not  represented 
in  the  figure,  the  hrachialis  aniicns^  into  the  ulna),  and  the 
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weight  18  that  of  the  forearm  and  hand,  with  whatever  may 
be  contained  in  the  latter,  acting  at  the  centre  of  gravity  of 
the  whole  somewhere  on  the  distal  side  of  the  point  of  appli. 


148  THE  HUMAN  BODY, 

cation  of  the  power.  In  the  Body  the  power-arra  is  usually 
very  short  so  as  to  gain  speed  and  range  of  movement,  the 
muscles  being  powerful  enough  to  still  do  their  work  in  spite 
of  the  mechanical  disadvantage  at  which  they  are  then  placed. 
The  limbs  are  thus  made  much  more  shapely  than  would  be 
the  case  were  the  power  applied  near  or  beyond  the  weight. 

It  is  of  course  only  rarely  that  simple  movements  as  those 
described  above  take  place.  In  the  great  majority  of  those 
executed  several  or  many  muscles  co-operate. 

The  Loss  to  the  Muscles  from  the  Direction  of  their  Pull. 
It  is  worthy  of  note  that,  owing  to  the  oblique  direction  in 
which  the  muscles  are  commonly  inserted  into  the  bones, 
much  of  their  force  is  lost  so  far  as  producing  movement  is 
concerned.  Suppose  the  log  of  wood  in  the  diagram  (Fig. 
67)  to  be  rai8e<l  by  pulling  on  the  rope  in  the  direction  a;  it 
is  clear  at  first  that  the  rope  will  act  at  a  great  disadvantage; 
most  of  the  pull  transmitted  by  it  will  be  exerted  against  the 
pivot  on  which  the  log  hinges,  and  only  a  small  fraction  be 
available  for  elevating  the  latter.  But  the  more  the  log  is 
lifted,  as  for  example  into  the  position  indicated  by  the  dotted 
lines,  the  more  useful  will  be  the  direction  of  the  pull,  and  the 
more  of  it  will  be  spent  on  the  log  and  the  less  lost  unavail- 
ingly  in  merely  increasing  the  pressure  at  the  hinge.  If  we 
now  consider  the  action  of  the  biceps  (Fig.  52)  in  flexing  the 
elbow-joint,  we  see  similarly  that  the  straighter  the  joint  is, 
the  more  of  the  pull  of  the  muscle  is  wasted.     Beginning 


Fio.  67.— Diafn*am  illustrating  the  disadvantag^e  of  an  oblique  pull. 

with  the  arm  straight,  it  works  at  a  great  disadvantage,  but 
as  the  forearm  is  raised  the  conditions  become  more  and  more 
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liToraMe  to  the  muscle.  Those  who  havu  practised  the  gym- 
nastic feat  of  raising  oue's  eelf  !>j  beuding  the  elbows  when 
kiiging  by  the  bauds  from  a  hurissontal  bar  know  practically 
tbtif  the  elbow-joiuts  are  quite  straight  it  is  very  liard  to 
fiUrt;  and  that,  on  the  other  hand,  if  they  are  kept  a  little 
flexLHlat  the  beginning  the  effort  needed  is  nineh  less;  the 
tmi^n  being  of  course  the  more  advantageous  direction  of 
traction  by  the  biceps  in  the  latter  case. 

Experiment  proves  that  the  power  with  whicli  a  muscle 
can  contract  is  greatest  at  the  commetieement  of  its  short- 
erung,  the  very  time  at  whichj  we  have  jnst  seen,  it  works 
at  most  mecliatiical  disadvantage;  in  proportion  m  its  force 
becomes  le^a  the  conditions  become  more  favorable  to  it. 
There  is,  however,  it  is  clear,  nearly  always  a  considerable 
Io«s  of  power  in  the  working  of  the  skeletal  muscles,  strength 
being  sacrificed  for  variety,  ease,  rapidity,  extent,  and  ete- 
glince  of  movement. 

Postures.  The  term  posture  is  applied  to  those  positions 
of  equilibrium  of  the  Body  wiiich  can  be  maintained  for  some 
time,  such  as  standing,  sittings  or  lying,  compared  with  lea]i- 
ing,  running,  or  falling.  In  all  jjostures  the  condition  of 
ility  is  that  the  vertical  line  drawn  through  the  centre  of 
gmritr  of  the  body  shall  fall  within  the  basis  of  support 
afforded  by  objects  wnth  which  it  is  in  contact  ;  and  the 
•ecttrity  of  the  posture  is  proportionate  to  the  extent  of  this 
base,  for  the  wider  it  is  the  less  is  the  risk  of  the  perpendicu- 
lar through  the  centre  of  gravity  falling  outside  of  it  on  slight 
displ.'ieement. 

The  Erect  Posture,  '['his  is  pre-eminently  characteristic 
of  man,  his  whole  skeleton  heiiig  modified  with  reference  to 
it.  Nevertheless  the  power  of  maintaining  it  is  only  slowly 
leartit  in  the  first  years  after  birth,  and  for  a  long  while  it  is 
fe.  And  thongh  finally  we  learn  to  stand  erect  without 
ious  attention,  the  ninintenance  of  that  posture  always 
requires  the  co-operation  of  many  muscles,  co-ordinated  by 
the  nervons  system.  The  influence  of  the  latter  is  shown  by 
the  fall  which  follows  a  severe  blow  on  the  head,  which  may 
nevertheless  have  fractured  no  bone  nor  injured  any  muscle; 
the  concussion  of  the  brain,  as  we  say,  *^stuns  "  the  man, 
and  until  its  effects  have  passed  off  he  cannot  stand  upright. 
In  standing  with  the  arms  straight  by  the  sides  and  the  feet 
together  the  centre  of  gravity  of  the  whole  adult  Body  lies 
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in  the  articulation  between  the  sacrnm  and  the  last  lumbar 
vertebra,  and  the  perpendicular  drawn  from  it  will  reach  the 
ground  between  the  two  feet,  within  the  basis  of  support  af- 
forded by  them.  With  the  feet  close  together,  however,  the 
posture  is  not  very  stable,  and  in  standing  we  commonly 
make  it  more  so  by  slightly  separating  them  so  as  to  increase 
tlie  base.  The  more  one  foot  is  in  front 
of  the  other  the  more  swaying  back  and 
forward  will  be  compatible  with  safety;  and 
the  greater  the  lateral  distance  separating 
them  the  greater  will  be  the  lateral  sway 
which  is  possible  without  falling.  Conse- 
quently we  see  tliat  a  man  about  to  make 
great  movements  with  the  upper  part  of 
his  Body,  as  in  fencing  or  boxing,  or  a  sol- 
dier preparing  for  the  bayonet  exercise, 
always  commences  by  thrusting  one  foot 
forwards  obliquely,  so  as  to  increase  liis 
basis  of  suj)port  in  both  directions. 

The  tase  with  whicli   we  can  stand  is 
\  largely  dependent  upon  the  way  in  which 
the  head  is  almost  balanced  on  the  top  of 
the  vertebra}   (jolnmn,  so   that  but  little 
muscular  effort  is  needed  to  keep  it  u|>- 
right.    Ill  the  same  way  the  trunk  is  almost 
balanced  on  the  hip  joints,  but  not  quite, 
its  centre  of  gravity  falling  rather  behind 
them;  so  that  just  as  some  muscular  effort 
is  needed  to  keep  the   head  from  falling 
forwards,  some  is  needed  to  keep  the  trunk 
from  toppling  backwards  at  the  hips.     In 
a  similar  manner  other  muscles  are  called 
!d?r^n°fM  ViHci'!^^^^^  i"^^  play  at  other  joints:  as  between  the 
iin<*H)  which  i'a<s  iM'fure  vertebral  column  and  the  pelvi.s,  and  at 

and    iM'htnd    ilie    JDintH  *^ 

and  by  iheir  baiance<i  tliC  kuccs  and  auklcs;  and  thus  a  certain 

activity  keep  the  joints      .     ...  ,  t  nm 

rifffidahd  the  body  t-it-ct.  rigidity,  diie  to  uuiscular  effort,  extends  all 
along  the  erect  Rody :  which,  on  aiKMiunt  of  the  flexibility  of  its 
joints,  could  not  otherwise  be  balanced  on  its  feet,  as  a 
statue  can.  Beginning  (Fig.  68)  at  the  ankle-joint,  we  find 
it  kept  stiff  in  standing  by  the  combined  and  balanced  con- 
traction of  the  muscles  passing  from  the  heel  to  the  thigh, 
and  from  the  dorsum  of  the  foot  to  the  shin-bone  (tibia)^ 
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Others  pussing  before  and  l>e!iind  the  knee-joint  keep  it  from 
yidding;  and  so  at  the  bip-joiiits:  and  others  ugain,  lying  in 
the  walls  of  the  abdonien  and  tdong  the  vertebral  column, 
iceepthe  latter  rigid  and  erect  on  the  pelvis;  and  finally  the 
slfnli  h  kept  in  position  by  nuiscles  passing  from  t  tie  sternum 
4flJ  vertebral  column  to  it,  in  front  of  and  behind  the  oceijii- 
W  condyles. 

Locomotion  includes  all  the  motions  of  the  whole  Body 
in  5|)ace,  dependent  on  its  own  niuscnlur  efforts:  such  as 
walking,  running,  leaping,  aiul  swininiing. 

Walking.  In  walking  the  Body  never  entirely  quits  the 
ground.,  the  heel  of  the  advanced  foot  touching  the  ground  in 
wch  step  before  the  toe  of  the  rear  foot  leaves  it.  The  ad- 
Tftnced  limb  snpports  Uiu  Body,  and  thu  foot  in  the  rear  at 
the  commencement  of  each  step  propels  it. 

Suppose  a  man  standing  with  \m  heels  together  to  coni- 
^euce  to  walk,  stepping  out  with  the  left  foot;  the  whole 
Body  \^  at  first  inclined  forwards,  tlie  movement  taking  place 
miinly  at  the  ankle-joints.  By  this  tncana  the  centre  of 
If ity  would  be  thrown  in  front  of  the  base  formed  by  the 
fe«t  and  a  fall  on  the  face  result,  were  not  iiitnultanconHly  the 
left  foot  sliglitly  raised  by  ben<!ing  the  knee  and  then  swnng 
forwards,  the  toes  jnst  clear  of  the  ground  and,  in  good 
walking*  the  sole  nearly  parallel  to  it.  When  the  step  is 
ooiDpleted  the  left  knee  is  straightened  and  the  sole  placed 
m\  the  grontid,  the  heel  tonching  it  firsthand  the  base  of  i?tip- 
port  being  thus  widened  frr>m  bt.foro  back, a  fall  is  prevented. 
Meanwhile  the  right  leg  is  kept  sti*aight,  but  inclines  for- 
wiirda  above  with  the  trunk  when  the  hitter  advances,  and  aa 
this  occurs  the  sole  gradually  leaves  tlu^  ground,  commencing 
with  the  heel.  When  the  step  of  the  left  leg  i^  comiileted  the 
great  toe  of  the  right  alone  is  in  contact  with  the  support. 
With  thia  a  push  is  given  which  sends  the  ti-nnk  on  over  the 
Iv'ft  leg,  which  is  now  kept  rigid,  cxrept  at  the  ankle-joint; 
and  the  right  knea  being  lient  that  limb  swings  forwards, 
its  foot  just  clearing  the  ground  as  the  left  did  bt^fore.  The 
Body  18  meanwhile  supported  on  the  left  foot  alone,  but  when 
the  riglit  completes  its  stt*p  tlic  knee  of  that  leg  is  straight- 
and  the  foot  thus  placed,  ht-el  tirst,  oti  the  ground, 
itirhile  the  left  foot  has  been  gradually  leaving  the 
ground,  and  its  toes  only  are  at  that  moment  upon  it:  from 
tfaeofi  a  push  is  given,  as  before,  with  tlie  right  foot,  and  the 
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knee  being  bent  so  as  to  raise  the  foot^the  left  leg  swings  for 
wards  at  the  hip- joint  to  make  a  fresh  step. 

During  each  step  the  whole  Body  sways  up  and  down 
and  also  from  side  to  side.  It  is  highest  at  the  mo- 
ment when  the  advancing  trunk  is  vertically  over  the 
foot  supporting  it,  and  then  sinks  until  the  moment 
when  the  advancing  foot  touches  the  ground,  when  it  is 
lowest.  From  this  moment  it  rises  as  it  swings  forward 
on  this  foot,  until  it  is  vertically  over  it,  and  then  sinks 
again  until  the  other . touches  the  ground;  and  so  on.  At 
the  same  time,  as  its  weight  is  alternately  transferred  from 
the  right  to  the  left  foot  and  vice  versa,  there  is  a  slight 
lateral  sway,  commonly  more  marked  in  women  than  in  men, 
and  which  when  excessive  produces  an  ugly  "waddling" 
gait. 

The  length  of  each  step  is  primarily  dependent  on  the 
length  of  the  legs;  but  can  be  controlled  within  wide  limits 
by  special  muscular  effort.  In  easy  walking  little  muscular 
work  is  employed  to  carry  the  rear  leg  forwards  after  it  has 
given  its  push.  When  its  foot  is  raised  from  the  ground  it 
swings  on,  like  a  pendulum;  but  in  fast  walking  the  muscles, 
passing  in  front  of  the  hip-joint,  from  the  pelvis  to  the  limb, 
by  their  contraction  forcibly  carry  the  leg  forwards.  The 
easiest  step,  that  in  which  there  is  most  economy  of  labor,  is 
that  in  which  the  limb  is  let  swing  freely,  and  since  a  short 
pendulum  swings  faster  than  a  longer,  the  natural  step  of 
short-legged  people  is  quicker  than  that  of  long-legged  ones. 

In  fast  walking  the  advanced  or  supporting  leg  also  aids  in 
propulsion;  the  muscles  passing  in  front  of  the  ankle-joint 
contracting  so  as  to  pull  the  Body  forwards  over  that  foot 
and  aid  the  push  from  the  rear  foot.  Hence  the  fatigue  and 
pain  in  front  of  the  shin  which  is  felt  in  prolonged/very  fast 
walking.  From  the  fact  that  each  foot  reaches  the  ground 
heel  first,  but  leaves  it  toe  last,  the  length  of  each  stride  is 
increased  by  the  length  of  the  foot. 

Bunning.  In  this  mode  of  progression  there  is  a  moment 
in  each  step  when  both  feet  are  off  the  ground,  the  Body 
being  unsupported  in  the  air.  The  toes  alone  come  in  con- 
tact with  the  ground  at  each  step,  and  the  knee-joint  is  not 
straight  when  the  foot  reaches  the  ground.  When  the  rear 
foot  is  to  leave  the  support,  the  knee  is  suddenly  straight- 
ened, and  at  the  same  time  the  ankle-joint  is  extended  so  as 
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^  pnsh  the  toes  forcibly  on  the  ground  and  give  the  whole 
fifMlv  a  powerful  push  forwards  and  npwardij.     Immediately 
^fctT  this  the  knee  is  greatly  flexed  and  thu  foot  raised  from 
%\iQ  gronnd,  and  this  occurs  before  the  toes  of  the  forward 
^ool  reach  the  latter.     The  swinging  leg  in  each  step  is  vio- 
lently pulled  forwards  and  not  suffered  to  awiug  oaturully,  as 
in  walking.     By  this  the  rapidity  of  the  euccession  of  steps 
is  increased,  and  at  the  same  time  the  stride  is  made  greater 
by  the  sort  of  oue-legged  leap  that  occurs  through  the  jerk 

veil  by  the  straightening  of  the  knee  of  the  rear  \^g  just 
before  it  leaves  the  ground. 

Leaping.  In  this  mode  of  progression  the  Body  is  raised 
oompletely  from  the  ground  for  a  considerable  period.  In  a 
powerful  leap  the  ankles,  knees,  and  hi]>-joint«  are  all  flexed 
U  a  preparatory  measure,  so  that  tht^  Hotly  assumes  a  crouch- 
ing attitude.  The  heels,  next,  are  raised  from  the  ground  aud 
the  Body  balanced  on  the  toes.     The  centre  of  gravity  of  the 

iody  is  then  thrown  forwards,  and  simultaneously  the  Hexed 

inis  are  straightened,  and  hy  the  resistance  of  the  ground, 
the  Body  receives  a  propulsion  forwards;  much  in  the  same 
way  as  a  ball  rebounds  from  a  walh     The  arms  are  at  the 

me  time  thrown  forwards.  In  leajnng  baekwanis,  tlie  Body 
and  arms  are  inclined  in  that  direution;  and  in  jumping  ver- 
tically there  is  no  leaning  either  way  and  tbe  arms  are  kept 
by  the  sides. 

Hygiene  of  the  Mtiscles.     The   healthy  working  of  the 

UBclefl  needs  of  course  a  healthy  state  of  the  Body  gener- 
ally, so  that  they  shall  he  supplied  with  proper  materials  for 
growth  and  repair,  and  have  their  wastes  rapidly  and  effi- 
ciently removed.  In  other  words,  good  food  and  pure  air  are 
^eoeeaary  for  a  vigorous  museular  system,  a  fact  which  train- 
ers recognize  in  insisting  upon  a  strict  dietary,  and  in  super- 
vising generally  the  mode  of  life  of  those  who  are  to  engage 
in  athletic  contests.  The  muscles  should  also  not  he  exposed 
to  any  considerable  continued  pressure,  since  this  iuterferes 
with  the  fiow  of  blood  and  lymph  through  them. 

As  far  as  the  muscles  themselves  are  directly  concerned, 

exercise  is  the  necessary  condition  of  their  beat  development, 

le  which  is  permanently  unused  degenerates  and  is 

rbed,  little  finally  being  left  but  the  connective  tissue  of 

the  organ  and  a  few  muscle  fibres  filled  with  oil-drops.     This 

well  seen  in  cases  of  paralysis  dependent  on  injury  to  the 
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nerves.     In  such  cases  the  muscles  may  themselres  be  per- 
fectly healthy  at  first,  but  lying  unused  for  weeks  they  become 
altered,  and  finally,  when  the  nervous  injury  has  been  healed, 
the  muscles  may  be  found  incapable  of  functional  activity. 
The  physician  therefore  is  often  careful  to  avoid  this  by  exer- 
cising tlie  paralyzed    muscles  daily  by  means  of  electrical 
shocks  sent  through  the  part,  while  at  the  same  time  he  tries 
to  restore  the  nerves;  passive  exercise,  as  by  proper  massage, 
is  frequently  of  great  use  in  such  cases.     The  same  fact  is 
illustrated  by  the  feeble  and  wasted  condition  of  the  muscles 
of  a  limb  which  has  been  kept  for  some  time  in  splints.  After 
the  latter  have  been  removed  it  is  only  slowly,  by  judicious 
and   persistent   exercise,  that  the    long-idle   muscles  regain 
their   former  size   and   power.     The  great   muscles  of  the 
"  brawny  "  arm  of  the  blacksmith  or  wrestler  illustrate  the 
reverse  fact,  the  growth  of  the  muscles  by  exercise.     Exer- 
cise, however,  must  be  judicious;  repeated  frequently  to  the 
point  of  exliau.*?tion  it  does  harm ;  the  period  of  repair  is  not 
sufficient  to  allow  replacement  of  the  parts  used  in  work,  and 
the  muscles  thus  wjiste  under  too  violent  exercise  as  with  too 
little.     Rest  should  alternate  with  work,  and  that  regularly, 
if  benefit  is  to  be  obtained.   Moreover,  violent  exercise  should 
never    be  suddenly    undertaken    by   one    unused  to   it,  not 
only  lest    the   muscles   suffer,  but    because   muscular   effort 
greatly  increases  the  work  of  the  heart,  not  merely  because 
more  blood  h:us  to  be  sent  to  the  muscles  themselves,  but  they 
produce  great  (|uantities  of  carbon   dioxide,  which  must  be 
carried  off  in  the  blood   to   the  lungs  for  removal  from  the 
Body,  and  the  heart  must  work  harder  to  send  the  blood  faster 
through  the  lungs,  and  at  the  same  time  the  breathing  be 
hastened  so  as  to  renew  the  air  in  those  organs  faster.     The 
least  evil  result  of  throwing  too  violent  work  on  the  heart 
and    lungs   in    this   way   is    represented   by    being  "out   of 
breath/'  which  is  advantageous  insomuch  as  it  may  lead  to  a 
cessation  of  the    exertion.      But   much    more    serious,  and 
sometimes  ])ermanent,  injuries  of   either   the  circulatory  or 
respiratory  organs  may  be  caused   by  violent  and  prolonged 
efforts  without  due  ])revious  training.     No  general  rule  can 
be  laid  down  as  to  the  amount  of  exercise  to  be  taken;   for  a 
healthy  man  in  business  the  minimum  would  perhaps  be  rep- 
resented by  a  daily  walk  of  five  miles. 

Varieties  of  Exercise.      In   walking  and   running   the 
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t^uflcles  chiefly  employ eil  are  those  of  the  lower  limba  and 
^^nnk.     This  is  in  pstrt  true  of  rowing,  which  when  good  is 
Jit'rforiiied   intich  more  by  the  legs  tJum  the  urms:  especially 
Since  the  in  trod  ucl  ion  of  sliding  seats.     Hence  any  of  these 
^Jiercifies  alone  is  apt  to  leave  the  muscles  of  the  chest  and 
terms  imperfectly  exercised.     Indeed,  no  one  exercise  employs 
^nally  or  proportionately  all  tlie  mnsck's:   therefore  gym- 
i3asia  in  whi(»h  various  feats  iA  agility  are  practised,  so  as  to 
«all   different   parts  into   play,  have   yery  great   utility.     It 
ghould   be  borne  in   mind,  h /wever,  that  the  legs  especially 
need   strength;  while  the  upper  limbs,  in  which  delicacy  of 
moTetnent,  as  a  rule,  is  more  desirable  than  power,  do  not  re- 
quire so  much  exercise;  and  the  fact  that  gymnastic  exercises 
are  conjmonly  carried  ou  indoors  is  a  gi'eat  drawback  to  their 
fiilae.      When  the  weather  permits,  oot-of-door  exercise  is  fur 
better  than  that  carried  on  in  even  the  best  ventilated  and 
lighted  gymnasium.     For   those  who  are  so  fortunate  as  to 
poeeess  a  garden  there  is  no  better  exercise^  at  suitable  sea- 
aotis,  than  an  |^ourb  daily  digging  in  it;  since  this  calls  into 
lay  nearly  all  the  muscles  of  the  Body;  while  of  games,  the 
■modern  one  of  lawn  teuok  is  perhaps  the  best  from  a  hygienic 
view  that  has  ever  been  invented,  since  it  not  only  demands 
great  muscular  agility  in  every  part  of  tne  Body,  but  trains 
the  hand  to  work  with  the  eye  in   a  way  that  w^alking,  run* 
ning,  rowing,  and   similar  pursuits  do   not.       For  the  same 
reasons  baseball,  crirkct,  ami  l)oxiug  are  excellt*nt. 

Exercise  m  Infancy  and  Childhood.  Young  children 
Lave  not  only  to  strengthen  their  muscles  by  exercise,  but 
to  learn  to  use  tbem»  Wat<^h  an  infant  trying  to  con- 
ly  gomethiug  to  its  mouth,  uud  you  will  see  how  little 
control  it  \ui»  over  its  muscles.  On  tlje  other  band,  the 
healthy  infant  is  never  at  rest  when  awake;  it  constantly 
throws  its  limbs  around,  grasps  at  all  objects  within  its 
reach,  coils  itself  about,  and  so  gra^lually  learns  to  exercise  its 
powers.  It  \%  a  good  plan  to  leave  every  healthy  child  more 
than  a  few  months  old  several  times  daily  on  a  large  bed,  or 
e?en  on  a  rug  or  carpeted  floor,  with  as  little  covering  as  is 
*'^Hife,  and  that  as  loot^e  as  possilile*  and  let  it  wriggle  about  as  it 
In  this  way  it  will  not  only  enjoy  itself  tbor^jughl}^ 
bllt  gain  strength  and  a  knowledge  of  how  to  use  its  limbs. 
To  keep  a  healthy  child  swathed  all  day  in  tight  and  heavy 
clothei  16  crneltv. 
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When  a  little  later  the  infant  commences  to  oanml  it  is  safe 
to  permit  it  to  as  much  as  it  Hashes,  but  unwise  to  tempt  it  to 
do  so  when  disinclined :  the  bones  and  muscles  are  still  feeble 
and  may  be  injured  by  too  much  work.  The  same  is  true  of 
learning  to  walk. 

From  four  or  five  to  twelve  years  of  age  almost  any  form 
of  exercise  should  be  permitted,  or  even  encouraged.  During 
this  time,  however,  the  epiphyses  of  many  bones  are  not  firmly 
united  to  their  shafts,  and  so  anything  tending  to  throw  too 
great  a  strain  on  the  joints  should  be  avoided.  After  that  up 
to  commencing  manhood  or  maidenhood  any  kind  of  out- 
door exercise  for  healthy  persons  is  good,  and  girls  are  all  the 
better  for  being  allowed  to  join  in  their  brothers'  sports. 
Ilalf  of  the  debility  and  general  ill-health  of  so  many  of  our 
women  is  the  consequence  of  deficient  exercise  during  early 
life;  and  the  day,  which  fortunately  seems  approaching, 
which  will  see  dolls  as  unknown  to  or  as  despised  by  healthy 
girls  as  by  healthy  boys  will  see  the  beginning  of  a  great  im- 
provement in  the  stamina  of  the  female  portion  of  our  popu- 
lation. 

Exercise  in  Touth  should  be  regulated  largely  by  sex ;  not 
that  women  are  to  be  shut  up  and  made  pale,  delicate,  and 
unfit  to  share  the  duties  or  participate  fully  in  the  pleasures 
of  life;  but  the  other  calls  on  the  strength  of  the  young  woman 
render  vigorous  muscular  work  often  unadvisable,  especially 
under  conditions  where  it  is  apt  to  be  followed  by  a  chill. 

A  healthy  boy  or  young  man  may  do  nearly  anything;  but 
until  twenty-two  or  twenty-three  very  prolonged  effort  is  un- 
advisable. The  frame  is  still  not  firmly  knit  or  as  capable  of 
endurance  as  it  will  subsequently  become. 

Girls  should  be  allowed  to  ride  or  play  out-door  games  in 
moderation,  and  in  any  case  should  not  be  cribbed  in  tight 
stays  or  tight  boots.  A  flannel  dress  and  proper  lawn  tennis 
shoes  are  as  necessary  for  the  healthy  and  safe  enjoyment  of  an 
afternoon  at  that  game  by  a  girl  as  they  are  for  her  brother  in  the 
baseball  field.  Kowing  is  excellent  for  girls  if  there  be  any 
one  to  teach  them  to  do  it  properly  with  the  legs  and  back, 
and  not  with  the  arms  only,  as  women  are  so  apt  to  row. 
Properly  practised  it  strengthens  the  back  and  improves  the 
carriage. 

Exercise  in  Adult  Life.  Up  to  forty  a  man  may  carry  on 
safely  the  exercises  of  youth,  but  after  that  sudden  efforts 
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sbotild  be  AToided.  A  lad  of  iweuty-one  or  so  may,  if  trained, 
safely  run  a  fnuirter-niile  raci^  but  to  a  man  of  forty- five  it 
would  be  dangerous,  for  witli  the  rigidity  of  the  cartilages 
ftnd  blood-vessels  which  begins  to  show  itself  about  that  time 
comes  a  diniinished  powder  of  nieeting  a  sudden  violent  de- 
mand. On  the  other  hand,  the  nuiii  of  thirty  would  more 
fiafely  than  the  lad  of  nineteen  or  twenty  undertako  one  of 
the  long-distance  walking  n  nit  dies  which  Intve  lately  been  in 
vogue  J  the  prolonged  etiort  would  he  less  dangerous  to  him, 
though  a  six-days*  match^  with  its  attendant  loss  of  sleep, 
cannot  fail  to  be  more  or  less  dangerous  to  any  one.  Prob- 
ably for  ono  engaged  in  active  business  a  walk  of  two  or 
three  miles  to  it  in  the  morning  and  back  again  in  the  after- 
noon is  the  best  and  most  available  exercise.  The  liahib 
which  Americans  have  everywhere  acquired,  of  never  walking 
when  they  can  take  a  street  car,  is  certainly  detrimental  to 
the  general  health;  though  the  extremes  of  heat  and  cold  to 
which  we  are  subject  often  render  it  unavoidable. 

For  women  during  middle  life  the  same  rules  apply:  there 
should  be  some  regular  but  not  violent  daily  exercise. 

In  Old  Age  the  needful  amount  of  exercise  is  less,  and  it 
is  still  more  important  to  avoid  sudden  or  violent  effort. 

Exercise  for  ILivalids.  This  should  be  regulated  under 
medical  advice.  For  feeble  persons  gj^mnastic  exercises  are 
e6j>ecially  valuable,  since  from  their  variety  they  permit  of 
selection  according  to  the  condition  of  the  individual;  and 
their  amount  can  be  conveniently  controlled. 

Training,  If  any  person  attempt  some  nnusual  exercise 
he  soon  finds  that  he  loses  breath,  gets  perhaps  a  ''  stitch 
in  the  side/'  and  feeJs  his  heart  beating-  with  unwonted 
violence.  If  he  persevere  he  will  probably  faint — or  vomit, 
as  is  frequently  seen  in  the  case  of  imperfectly  trained  men  at 
the  end  of  a  hard  boat-race.  These  phenomena  are  avoided 
by  careful  gradual  preparation  known  as  *•  training."  The 
immediate  cause  of  them  lies  in  disturbances  of  the  circula- 
tory and  respiratory  organs,  on  which  exces8i?e  work  is 
thrown. 


CHAPTER  XII. 
ANATOMY  OF  THE  NERVOUS  SYSTEM. 

Nerve-Trunks.  In  dissecting  the  Human  Body  numerous 
white  cords  are  found  which  at  first  sight  might  be  taken  for 
tendons.  That  they  are  something  else  however  soon  becomes 
clear,  since  a  great  many  of  them  have  no  connection  with 
muscles  at  all,  and  those  which  have  usually  enter  somewhere 
into  the  belly  of  the  muscle,  instead  of  being  fixed  to  its  ends 
as  most  tendons  are.  These  cords  are  nerve-trunks :  followed 
in  one  direction  each  (Fig.  69)  will  be  found  to  break  up  into 
finer  and  finer  branclies,  until  the  subdivisions  become  too 
small  to  be  followed  without  the  aid  of  a  microscope.  Traced 
tlie  other  way  the  trunk  will  in  most  cases  be  found  to  in- 
crease by  tlie  union  of  others  with  it,  and  ultimately  to  join 
a  much  larger  mass  of  different  structure,  from  which  other 
trunks  also  s])ring.  This  mass  is  a  uvrve'Centre.  That  end 
of  a  nerve  attached  to  the  centre  is  naturally  its  central, 
and  the  other  its  distal  or  peripheral  end.  Xerve-centres, 
then,  give  origin  to  nerve-trunks;  these  latter  spread  all  over 
the  Body,  usually  branching  and  becoming  smaller  and  smaller 
as  they  proceed  from  the  centre;  they  finally  become  very 
small,  and  how  they  ultimately  end  is  not  in  all  cases  certain, 
but  it  is  known  that  some  have  vsense-organs  at  their  termina- 
tions and  others  muscular  fibres.  The  general  arrangement 
of  the  larger  nerve-trunks  of  the  Body  is  shown  in  Fig.  69. 
Physically  a  nerve  is  not  so  tough  or  strong  as  a  tendon  of 
the  same  size;  it  may  readily  be  split  up  into  longitudinal 
strands,  each  of  which  consists  of  a  number  of  microscopic 
threads,  the  nerve-fihrps,  bound  together  by  connective  tissue. 

Plexuses.  Very  frequently  several  neighboring  nerve- 
trunks  send  off  communicating  branches  to  one  another,  each 
branch  carrying  fibres  from  one  trunk  to  the  other.  Such 
networks  are  called  plexuses  (Fig.  72),  and  through  the  inter- 
changes taking  place  in  them  it  often  happens  that  the  distal 
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Herve-Centres.     The  great  majority  of  the  nerves  take 

their  origin  from  the  hrnin  iinil  sfnnal  ayrd,  which  together 
form  the  great  cerebru-itpinul  csntre.     Some,  however,  coin- 
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mence  in  rounded  or  oval  masses  which  vary  in  size  from  that 
of  the  kernel  of  an  almond  down  to  microscopic  dimensions, 
and  which  are  widely  distributed  in  the  Body.  Each  of  these 
smaller  scattered  centres  is  called  a  ganglioHy  and  the  whole 
of  them  are  arranged  in  three  sets.  X  considerable  num- 
ber of  the  largest  are  united  directly  to  one  another  by 
nerve-trunks,  and  also  give  off  nerves  to  various  organs,  espe- 
cially to  the  moo(l«v»gii<»l8  and  the-Biace£&.in  the  thoracic  and 
abdominal  cavities.  These  ganglia  and  their  branches  form 
the  8 f/m pathetic  nervous  system^  as  distinguished  from  the 
cerebro-spinal  nervous  system  consisting  of  the  brain  and 
spinal  cord  and  the  nerves  springing  from  them.  Of  the  re- 
maining ganglia  some  are  connected  with  various  cerebro- 
spinal trunks  near  their  origin,  while  the  rest,  for  the  most 
part  very  small  and  comroetod  with  the  peciphMral  branches 
of  sympathetic  or  other  nerves,  are  known  as  the  s^o^MtdtT' 
ganglia. 

The  Cerebro-Spinal  Centre  and  its  Membranes.  Lying 
inside  the  skull  is  the  brain  and  in  the  neural  canal  of  the 
vertebral  column  the  spinal  cord  or  spinal  marrow,  the  two 
being  continuous  through  the  foramen  magnum  of  the  oc- 
cipital oone  and  forming  the  great  cerebro-spinal  nerve-centre. 
This  centre  is  bilaterally  symmetrical  throughout  except  for 
slight  differences  on  the  surfaces  of  parts  of  the  brain,  which 
are  often  found  in  the  higher  races  of  mankind.  Both  brain 
and  spinal  cord  are  very  soft  and  easily  crushed,  the  con- 
nective tissue  and  a  peculiar  supporting  tissue  {neuroglia) 
which  pervade  them  being  delicate;  accordingly  both  organs 
are  placed  in  nearly  completely  closed  bony  cavities  and  are 
also  envt^loped  by  membranes  which  give  them  support.  These 
membranes  are  three  in  number.  Externally  is  the  dura 
mater,  very  tough  and  strong  and  composed  of  white  fibrous 
and  elastic  connective  tissues.  In  the  cranium  the  dura 
mater  adheres  by  its  outer  surface  to  the  inside  of  the  skull 
chamber,  serving  as  the  periosteum  of  Its  bones;  this  is 
not  the  case  in  the  vertebral  column,  where  the  dura  mater 
forms  a  loose  sheath  around  the  spinal  cord  and  is  only  at- 
tached here  and  there  to  the  surrounding  bones,  which  have 
a  separate  periosteum  of  their  own.  The  innermost  membrane 
of  the  cerebro-spinal  centre,  lying  in  immediate  contact  with 
the  proper  nervous  parts,  is  the  pia  mater,  also  made  up  of 
white  fibrous  tissue  interwoven   with  elastic  fibres,  but  less 
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than  ill  tlio  duru  nudor,  so  aa  to  form  a  less  dense  and 
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membrane,  Tha  pia  nuiter 
contains  many  blood -vesaels  which 
break  up  in  it  into  smiill  bninclies 
ihcfore  enteriug  the  uervoiis  mii?is 
heneiith.  Oovermg  the  <  nfvj^ir^  „f 
the  pianuiXej^is  a  layer  of  ilat  ciuseiy 
fittinjjrosila;  a  similar  layer  lines  the 
kuuU  of  the  dura  mater,  and  tliese 
two  layers  are  described  us  the  third 
ttteinbraneof  the  cerebro-spiival  cetH  4-8 

Ire,  csiisd  the  arachnoid.  In  the 
(0  botWCTTrthw'two  t^ers  of  tlie 
mrachnoid  is  contained  a  small  quan- 
tity of  watery  €w^*f*tf-^jmrnl  tPjUiU, 
The  surface  of  the  brain  is  folded 
ancl  thcpiamater  followsclosely  these 
foKls;   the  arachnoid  often  stretcliea 

ross  thenj:  in  the  spaces  tluis  left 

tweeu  it  and  the  pia  mater  is  con- 
tained some  of  the  cerebro-spinal 
liquid. 

The  Spinal  Cord   (Fig,   70)    is  JO" 

nearly  cylindrical  in  form,  being 
however  a  little  wider  from  side  to 
side  than  dorsoventrally,  and  taper- 
ing off  at  its  posterior  end.  Its 
average  diameter  is  about  19  milli- 
meters (J  inch)  and  its  length  0.43 
meter  (17  inches).  It  weighs  4'^..') 
grams  (H  ounces).  There  h  no 
marked  limit  between  thespiiml  cord 
and  the  brain,  the  one  passing  grad* 
ually  into  the  other  (Fig.  77),  but 

e  cord  is  arbitrarily  said  to  eoni- 

ence  opposite  the  outer  margin  of 

e  foramen  magnum  of  the  oecipital 

>ue:  from  there  it  extends  to   the 

icuhition  between  the   tirst   and      T'?i  '^77^^  ^'p*"*'  ^'^  "** 

mtfdnilfi  tibtoni/aia.    A.  fr(»m  the 

lond  lumbar  vertebrae,  where  it  vemrai,  atid  j?  from  thc^  dMrsai 
iirrowsoff  to  a  slender  filament,  the  *nfrer*Hit  k»v«KH. 
UiHiermiuale  (cut  off  and  represented  separately  at  B  in  Fig. 
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70),  wliich  nms  back  to  the  end  of  the  neural  canal  behind 
the  sacrunu  In  its  conrse  the  conl  presents  two  expansiuns, 
an  upper,  10,  the  rtrrical  tnlanjeruenf,  reaclung  from  the  tin  I'd 
cerviciU  to  the  tirst  dorsal  vertebra?,  and  a  lower  or  luvihar 
enlargement^  9,  opposite  the  last  dors^nl  vertebra. 

Running  along  the  niiddle  line  tin  both  the  ventral  and  the 
dorsal  aspects  of  tlie  cord  is  a  ^rroove,  and  a  cross-j?eetion  ehows 
that  these  grooves  are  the  surface  indications  of  fissures  which 
extend  deeply  into  the  cord  ((\  Fig.  71)  and  nearly  divide  it 
into  right  and  left  halves. 

The  luilerior  tiii,sHrf  (L  Fig.  71)  is  wider  and  shallower 
than  the  posterior,  *i,  which  iniieed  is  harOly  a  true  fissure, 
being  completely  filled  up  by  an  ingrowth  of  pia  mater.  The 
transverse  section,  C,  shows  also  that  the  substance  of  the 
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Fio  71, — Tilt*  will nul  cord  and  n«»nre-rcK>ts  ,^1,  a  Riniill  |K>rLlt>n  of  the  conj  Kf»ei» 
frain  the  veiiJral  si.lf;  R  I  lit-  is&iiie  «<^it  latrrAlly;  C,  n  iTO«s«f«lkm  of  itie  eonl; 
D,  th»»  two  root*  of  Afipinal  nerve;  1.  interior  <  vefitrmhfl(k«inre;  ',\  pofsterinr  idofHah 
fli^iire-,  3,  siitrfjiee  (iroov*-  nlonjiir  tin*  line  of  attachment  or  th**  liftttrior  nerve-root*: 
I.  tine  of  oriion  of  fhe  fKiKieri»ir  rofjlw;  \  rttiierior  rt>ui  f1Unient«;  of  »nfntd  iwrvtii: 
(J.  |H>rtiedor  roHit  fllAnieiitH;  t>',  fnintElir»n  of  the  prwltrior  rnot ;  7,  7%  ihe  i\rnt  two 
divisioaii  of  the  nerve-irimk  ufter  its  fontiAt^on  tn  the  union  of  ihe  two  riMnt*.  Th* 
grooves  nre  mych  exuf^gvnittrd 

cord  is  not  alike  throughout,  but  that  it^  irJtife  superficial 
layers  envelop  a  central  f/ratf  ^itLstttttrr  urmnge^  soniewluit  irk 
the  form  of  a  capital  H.  Each  half  of  the  irray  matter  is 
crescent-shaped,  and  the  crescents  are  turned  back  to  back  and 
united  across  the  middle  line  by  the  t/ra^  comntissttre*     The 
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lips  of  each  crescent  are  calltnl  its  liorns  or  cornua,  und  the 
ventral,  or  anterior  corutt,  on  eaeli  si  tie  h  tliicker  and  larger 
tliau  ihe  posterior.     In  the  cervieal  und  lunibur  eiilarirenients 
E    the*  proportion  of  whire  to  gn*y  mutter  is  greater  tiiun  else- 
I    vhei^;  and  as  tlie  curd  tipiirouclies  the  niedullii  obloiigtita  its 
I   central  gray  mass  becomes  irreguhir  in  form   and   begins  to 
■   break  tip  into  smaller   ptirtion^,     Jf  lines  be  drawn  on   the 
E  tnmsverse  section  of  the  cord  from  tiie  tiji  of  each  horn  of  tbo 
Bgny  matter  to  the  nearest  point  of  the  surface,  the  white  sub- 
^stance  in  each  half  will  be  divided  into  three  portions:  one 
between   the   anterior  fissure  and    the   autcrior   cornu,   and 
called  the  tihirrior  trhife  cohimn  ;  one  l>elween  the  posterior 
fissure  and  the  posterior  coriiu,  and  called  the  p<hsleri9r  white 
eolumn  ;  while  the  remaining  one  lying  in  the  hoUow  of  the 
crescent  and  between  the  two  horns  is  the  htieral  cobtmn  :  the 
inl^rior  uJid  hiteral  cohimus  of  the  same  side  are  frequently 
named  the  antt'ro'luivrtd  mlnmn.     A  certain  amount  of  wliite 
itibfitance  crosses  the  middle  line  at  the  bottom  of   the  ante- 
rior fissu re ;  this  f o r m s  t h e  ^ « /c/ ■  /'o r  w h if e  ro m m iss u re.    T here 
h  no  posterior  white  couimissnre,  the  bottom  of  the  posterior 
fisiure  being  the  oidy  portion  of  the  cord  where  the  gray  sub- 
stance is   uncovered  by  white.     Kunning  along  the  middle 
of  the  gray  commissure,  for  the  wliole  length  of  the  cord,  is 
a  tiny  channel,  ju-^t  visible  to  the  unaided  eye;  it  is  known  as 
the  central  canal  {can a! is  ceuiraiis). 

The  Spinal  Nerves,  Thirty-one  pairs  of  spinal  nerve- 
trunks  enter  the  neural  canal  of  the  vertebral  column  through 
the  intervertebral  foramina  (p,  71).  Each  divides  in  the  fora- 
meo  into  a  dorsal  and  ventral  portion  known  respectively 
as  the  posterior  and  anff^rior  roots  of  the  nerve  (6  and  5,  Fig. 
♦  1)»  and  these  again  subdivide  into  finer  brandies  which  are 
att4iehed  to  the  sides  of  the  cord,  the  posterior  root  at  the 
point  where  tlie  posterior  and  lateral  white   eolumus   meet, 

I  and  the  anterior  root  at  the  juuction  of  the  lateral  and  anterior 
celamns,  At  the  lines  on  which  the  roots  are  attached  there 
are  snperficial  furrows  on  the  surface  of  the  cord.  On  each 
posterior  root  ha  spina!  fjanatiou  (\'i\  Fig,  71),  placed  just  be- 
fore it  joins  the  anterior  root  to  make  up  the  common  nerve- 
Imnk.  Immediately  after  its  formation  by  the  mixture  of 
fibrefl  from  both  roots,  the  trunk  divides  (/>,  Fig,  71),  into 
a  posterior  primarif,  an  anterior  prtmari/,  and  a  mmmuni- 
cntiny  hraticlt.     The  branches  of  the  first  set  go  for  the  most 
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part  to  the  skin  and  muscles  on  tlie  back,  the  second  form 
a  series  of  plexuses  from  which  the  nerves  for  the  sides  and 
ventral  region  of  the  neck  and  trunk  and  for  the  limbs  arise; 
the  communicating  branches  go  to  neighboring  sympathetic 
ganglia. 

The  various  spinal  nerves  are  named  from  the  portions  of 
the  vertebral  column  through  the  intervertebral  foramina  of 
which  they  pjiss  out;  and  Jis  a  general  rule  each  nerve  is  named 
from  tlie  vertebra  in  front  of  it.  For  example  the  nerve  piiss- 
ing  out  between  the  fifth  and  sixth  thoracic  vertebra  is  the 
"  fifth  thoracic  ^'  nerve,  and  that  between  the  last  thonicic  and 
first  lumbar  vertebrae,  the  "twelfth  thoracic."  In  the  cervi- 
cal region,  however,  this  rule  is  not  adhered  to.  The  nerve 
passing  out  between  the  occipital  bone  and  the  atlas  is  called 
the  "  first  cervical "  nerve,  tliat  between  the  atlas  and  axis  the 
second,  and  so  on;  that  between  seventh  cervical  and  first 
thoracic  vertebrae  being  the  "eighth  cervical"  nerve.  The 
thirty-one  pairs  of  spinal  nerves  are  then  thus  distributed :  8 
cervical,  12  thoracic,  5  lumbar,  5  sacral,  and  1  coccygeal;  the 
latter  passing  out  between  the  sacrum  and  coccyx.  Since  the 
s])inal  cord  ends  opposite  the  upper  lumbar  vertebrae  while 
the  sacral  and  coccygeal  nerves  pass  out  from  the  neural  canal 
much  farther  back,  it  is  clear  that  the  roots  of  those  nerves, 
on  their  way  to  unite  in  the  foramina  of  exit  and  form  nerve- 
trunks,  must  run  obliquely  backwanls  in  the  spinal  canal  for 
a  considerable  distance.  One  finds  in  fact  the  neural  canal 
in  the  lumbar  and  sacral  regions,  behind  the  point  where  the 
spinal  cord  has  tapered  otf  to  form  the  jUum  terminal',  oc- 
cupied chiefly  by  a  great  bunch  of  nerve-roots  forming  the 
so-called  ''horse's  tail"  or  cauda  etjuina. 

Distribution  of  the  Spinal  Nerves.  It  would  be  out  of 
place  here  to  go  into  detail  as  to  the  exact  portions  of  the 
hodv  sup})lied  by  each  spinal  nerve,  but  the  following  general 
statements  may  be  made.  The  anterior  ])rimary  branches  of 
the  first  four  cervical  nerves  form  on  each  side  the  cervical 
pJc.rffs  (Fig.  T*2)  from  which  branches  are  supplied  to  the 
muscles  and  integument  of  the  neck:  also  to  the  outer  ear 
and  the  back  part  of  the  scalp.  The  anterior  primary 
branches  of  the  remaining  cervical  nerves  and  the  first  dorsal 
form  the  brachial  .ple.nfs,  from  which  the  up^ier.JiJuJi  is 
supplied.  The  roots  of  the  trunks  which  form  this  plexus 
arise  from  the  cervical  enlargement  of  the  spinal  cord. 


pleius^  but  each  runs  along  the  posterior  border  of  a, nb  and 
supplied  brunches  to  the  chest-walls,  and  the  lower  ones  to 
those  of  the  abdoiiu^n  also. 

The  anterior  primary  branches  of  the  fg^ir  itnterior  lumbar 
nerves  are  united  by  branches  to  form  the   lumbar  pUxHi* 
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It  supplies  the  lower  part  of  the  tnink,  the  bnttocks,  the 
front  of  the  thigh,  aiui  inner  side  of  the  leg. 

The  sacral  plexus  is  formed  by  the  anterior  priniarr 
branches  of  the  fifth  lumbar  and  the  first  four  sacral  nerves, 
wliich  unite  in  one  great  cord  and  so  form  the  sciatic  n^rtr, 
which  is  the  largest  in  the  Body  and,  running  down  the 
back  of  the  thigh,  ends  in  branches  for  the  lower  limb.  The 
roots  of  the  trunks  which  form  the  sacral  plexus  arise  from 
the  lumber  enlargement  of  the  cord. 

The  Brain  (Fig.  73)  is  far  larger  than  the  spinal  cord 
and  more  complex  in  structure.    It  weighs  on  the  average 


Fio  73.— Diagram  illuKtratinR:  the  general  relationshipii  of  the  parts  of  the  brain. 
A.  fore-braiii:  h.  mid  brain  :  H,  cerel)elliiiii;  <\  )>onH  Varolii ;  A  medulla  oblOD- 
gata  ;  B,  C,  and  />  top'thcr  cunstituie  the  hind-brain. 

about  1415  grams  (afljjunces)  in  the  adult  male,  and  about 
15.')  grams  (5.5  ounces)  less  in  tlie  female.  In  its  simpler 
forms  the  vertebrate  brain  consists  of  three  masses,  each  with 
subsidiary  parts,  following  one  anotlier  in  series  from  before 
back,  and  known  as  the  fore-brain,  mid-brain,  and  hind- 
brain  respectively.  In  man  the  fore-])rain.  A,  weighing 
about  1245  grams  (44  ounces),  is  much  larger  than  all  the 
rest  ])ut  together  and  la{)s  over  them  behind.  It  consists 
mainly  of  two  large  convoluted  masses,  sepfirated  from  one 
another  by  a  deep  median  fissure,  and  known  as  the  cerebral 
hemispheres.  Tiie  immense  proportionate  size  of  these  is 
very  characteristic  of  the  human  brain.     Beneath  each  cere- 
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bral  hemisphere  ia  an  olfactory  lohe,  inconsijicuous  in  man 
Utit  in  many  animals  larger  than  the  cerebral  heniispheres, 
Baried  in  the  fore^brain  on  each  ^itle  are  twu  large  gray 
maaeee^  the  corpuni  striata  and  optic  thfthimi.  The  mid- 
bniin  forms  a  connecting  isthmus  betwt*en  the  two  other 
<iiviiiiqng  and  i>resents  on  it8  dorsal  m\v  tour  hemispherical 
eminences,  the  corpora  fiumlrigeminn.  On  its  ventral  i«ide 
it  exhibits  two  eeniieylintlrifal  jiilhirs  (seen  nndt^r  the  iiorve 
/r,  in  Fig.  77),  known  iis  tfie  crura  cerebri.  The  btttd- 
bmio  consists  of  three  in  at  n  parte  :  on  its  dorsal  side  is  the 
cerebelhim,  B  (Fig.  73).  con.^istir»g  of  a  rights  a  left^  and  a 
median  lobe;  on  the  ventral  si  do  is  the  ptms  Varolii,  C 
(Fig,  73),  and  behind  that  the  mcdnlia  ohluuijata,  D  (Fig.  73), 
irhich  is  rontinnons  with  the  spinal  cord. 

In  nature,  the  main  divisions  of  the  brain  are  not  sepa- 
rated so  much  as  has  been  represented   in   the  diagram  for 


Tin,  71,— The  bTAlfi  from  the  left  Rifle  Cb,  tli#*  cvrf hral  hemispherpa  forming 
thf  m*ln  bulk  of  tiit*  fore-brain;  Cbl,  the  c€'ret>flhitti  ;  J/u.  the  rttedullii  oblon- 
galA;  /»,  tint  (iQtia  Varolii  ;•  Uie  Oftsurt?  of  Sjlviun. 

the  Hike  of  clearness,  but  lie  close  together,  as  represented 
in  Fig-  74,  only  some  fold^  of  the  membranes  extending  be- 
tween them  ;  and  the  mid-brain  is  eniirely  covered  in  on  its 
dorsal  aspect.  Nearly  everywhere  the  surface  of  the  brain 
b  folded,  the  folds,  kit  own  as  gyri  or  von  volutions  being 
deeper  and  more  ntirnerous  in  the  brain  of  man  than  in  that 
of  the  animals  nearest  allied  Xn  him;  and  in  the  hunnin 
species  more  marked  in  tfie  higher  than  in  the  lower  races. 
It  should  however  be  added  that  some  species  of  animals 
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which  are  not  markedly  hitelligeut  have  mnch  convolut 
cerebnd  hemispheres. 

The  bniiii  like  the  spinal  cord  eonsiste  of  gray  and  white 
nervous  matter,  biil  sonicwhiit  differently  arranged,  for  while 
the  brain,  like  the  cord,  contains  gray  matter  in  its  interior, 
a  great  part  of  its  surface  is  also  covered  with  it.  By  the 
external  coiivolntions  of  the  cerebellum  and  the  cerebral 
hemiBplicret?  the  surface  uver  which  this  gray  eiibetance  is 
spread  is  very  much  incrca.sed  (see  Fig,  74). 

The  Ventriclea  of  the  Brain.  Tlie  minute  central  canal 
of  the  spinal  cord  is  contiuued  into  the  brain  and  expands 


Fio.  75.— Dlairrjim  of  thf  riK-ht  hnlf  of  «  ▼«*rr(cfil  nir**!*!!!!  urctlon  of  tlie  hmin. 
H.  f/.  ooni'oliiK^d  liuier  surfaci-Mr  risflu  utTpMnl  liHiiiiH]t||Mrii>:  5,  fhe  flflli  ▼emHc*e; 
thi»  rtjciin*  in  pt«L'i'"i  titt  llii?  thin  inner  wmil  *yt  lliti  i  liElit  I«leinil  vewlrii'lf;  tV,  rr>r- 
pwjj  cttUitfitm:  iJ,  till?  tlilnl  veiitricii*  :  ihn  piirtitloti  m^purmtinii^  it  frwiii  Iht?  flftii  t<»0' 
trkie  iti  the /rti'Nirf,  ami  jusir  ))fliiii{l  the  juilerifir  ihicken«*4l  rod  of  Uw  fornljc  I* 
shown  part  of  the  Hi^ht  fitraaieii  <rif  Monro  in.  |i*iu1iu|f  To  the  ri^ht  hiti^MiJ  rei]- 
iricle  ;  /,  th»»  «oft  cnmmiseiuni'  ♦*i*t  fti'n»«8;  in  the  fme  parr  of  the  fornix  i«  the 
anterior  etjitiiulitsijr*';  tlie  anterior  |>f^rti4in  of  ihe  fltwrr  of  the  rbir.i  v-orr^i^jt* 
gtiown  twc>  ilownwarit  prolontrfttums.  one  tlirecttftl  to  the  optic  Qi\u\  rhe 

other  iiufiit\tiii*\tlum)Ui  the  pitnitury  btwJy.  pf;  o,  the  pineal  *>otly;  iMjf 

PiiHkeiliateiy  heiif&th  Ms  root  Ik  rh«*  po-itf  nor  c*«nimlsj»iire;  the  itia.--:  ,.  i.:i.i.^  Uie 
ex|M«!ied  wrtll  i»f  thr*  verilrii'^tf  anil  un  which  the  fljfure  3  ik  placed  Itt  the  inner  liiclr 
of  the  rlirht  opilc  niMiaitiUH :  tj«  if,  the  nnlerior  unci  pirt^terior  curj\om  qutidff- 
aemnnt  of  the  ri^rhi  nkle;  A,  the  fourth  ventricle  lyln*t  tiear  the  iIohmlI  Mtin'  of  the 
meduila  ohtitm/ittii,  3f  i,  and  Cf>niiectefl  hy  th#»  itf*r  with  the  third  ventricle:  p**%- 
terlorl^' it.  IK  ciihtiinieil  Ui  Jtiln  the  e*»nrr»rcftnftl  of  the  sninnl  cord;  (V,  rifcht  rru* 
crrehrt  :  F,  fi"n^  l%tti*i*i:  Ci*,  vrfttttituut:  wherv  li  is  tlUi<li:Hl  in  the  middle  line 
ihe  latllftl  arraiiK't-iTietit  of  ilt^  centriil  wiilte  matter  forttiint;  the  so-calkN]  arhor 
tuttr  in  fte«*n;  *«p.  rii^hi  opiic  nerve  proceedmir  from  the  opfio  c<inim{«sure  ;  oe,  the 
third  cranial  ni.*rve  arlstiiic  frntti  Ibti^  cruH  cerebri;  I,  call'ifeial  convolutloit, 

there  at  several  points  into  chamhers  known  as  the  venf ri- 
des, Enlering  the  medulla  obltnigata  it  apj)roache8  its 
upper  snrface  and  dilates  into  iht^,  fottrth  ventricle,  ^,  I^ig.  75, 
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jlich  has  a  Tcry  thin  roof,  lapited  over  by  the  ccrebullum. 

Mu  the  front  of  the  fourth  ventricle  nms  a  narrow  pas- 
sage {aqueduct  of  sijlviun  or  Her)  which  enters  another  dila- 
tation, 3^  Fig.  75,  Wu\g  m  tlie  tiudtlle  Uiie  near  the  under 
fiide  of  the  fore-brain  and  known  as  the  ihinl  venfrich. 
From  the  third  ventnel^^  two  npertnres  (the  forainetis  of 
Monro),  one  of  which  is  partly  seen  at  m  in  tlie  diagram, 
lead  into  tlie  first  and  second^  or  Juirral  vtntrides,  one  of 
which  lies  in  each  of  the  ctTebral  Iieniispheres,  The  front 
euds  of  ihe«e  two  ventriidf^s  are  j<een  in  the  vertical  trans- 
Terae  section  of  the  bmin  represeiited  in  Fig.  76* 
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Fio,  T6,— A  ferlli»Jil  s«»ctioTj  across  tb«*  c<*r*»hraJ  hemtRplierfB  taken  tn  rron.t  of  the 
flftfa  »<M>trlcle,  tW*,  (iiit<»rlt>r  jwiri  i«f  at^-pu*  caiiaimm  ;  tX  ihp  fttiterior  end  of  tbo 
rifflir  Utt^rAl  ventHck:  thr-  if  my  niMH*  nn  lis  t'xifrior  y  rlie  front  pnd  of  tbe  em-pua 
Btriatum.    <Jii  lh«  left  side  ttio  fiU}>frfk'iat  ^vay  nmtt^T  covering  the  con voliii ions 

The  ventricles  contain  a  snvA]  anionnt  of  cerebro-spinal 
liquid,  and  are  lined  by  ejiitlieliiini  which  i&?  tHlmted  in  Muly 
life.  Part  of  the  poj?terinr  wall  of  the  third  ventricle  ia  ex* 
iremoly  thin,  consiatirj^  of  little  but  this  epithelium  sup- 
pt»rted  by  a  tliin  layer  of  pia  ntater:  this  part  h  pushed  in  or 
doubled  into  the  eavity  of  the  ventricle  in  the  form  of  a 
triangular  membrane,  ilie  velum  iitterpofiittim,  whieli  lies 
beneath  the  forjiix  and  sends  offshoota  into  the  lateral  ven- 
triele-M.  Between  the  njijyer  aTul  lower  layers  of  tlie  indnpli- 
cated  velnm  inter[>ositu?n  arteries  enter  and  there  break  up 
into  plexuaes — the  choroid  phxitses — covered  everywhere  by 
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the  pushed-in  epitlieliiim.  These  plexuses  occupy  a  consid- 
erable part  of  the  third  and  lateral  ventricles :  and  a  pair  of 
similar  vascular  tufts  drive  in  before  them  part  of  the  thin 
roof  of  the  fourth  ventricle  and  encroach  on  its  cavitv. 

Xote.  A  frequent  cause  of  af^phj^-is  a  Iwnmiihage 
into  one  of  the  lateral  ventricles;  the  outpoured  blood  accu- 
mulating and  pressing  upon  the  cerebral  hemispheres,  their 
functions  are  suppressed  and  unconsciousness  produced. 
When  a  person  is  found  in  an  upoplooliie-fit  therefore  the 
best  thing  to  do  is  to  leave  him  ]verfectly  quiet  until  medical 
aid  is  obtained :  for  any  movement  may  start  afresh  a  bleed- 
ing into  tlie  ventricle  which  had  been  stopped  by  clots 
formed  in  the  mouths  of  the  torn  blood-vessels. 

Sections  of  the  Brain.  Having  got  a  general  idea  of  the 
parts  composing  the  brain,  the  best  way  to  continue  the  study 
of  its  anatomy  is  to  examine  sections  taken  in  various  direc- 
tions. Two  such  are  given  in  Figs.  75  and  76.  Fig.  75  rep- 
resents the  right  half  of  a  vertical  soction  of  the  brain,  taken 
from  l)efore  back  in  the  middle  line  and  viewed  from  the 
inner  side.  Above,  the  knife  has  passed  between  the  two 
cerebral  hemispheres,  in  the  longitudinal  fissure,  without  cut- 
ting either,  and  the  convoluted  inner  surface  of  the  right  one 
is  seen.  The  sickle-shaped  mass  lower  down,  Cc  to  Cic,  rep- 
resents the  cut  surface  of  a  connecting btiiid  of  white  nervous 
tissue  called  the  corpus  callosum,  which  runs  across  the  mid- 
dle line  from  one  cerebral  hemisphere  to  the  other  and  puts 
them  in  communication.  Beneath  tlie  corpus  callosum 
the  knife  has  o})ened  a  cavity,  tlie  fifth  ventricley  5, 
bounded  on  each  side  by  a  very  thin  wall,  which  forms  part 
of  the  inner  wall  of  the  corresponding  lateral  ventricle;  the 
median  partition  formed  by  these  two  walls  and  containing 
the  sHt-like  frfth-rcmlTTde  is  tlie  f^iplujji  lucklum.  The  fifth 
is  quite  different  in  origin  from  the  remaining  cerebral  ven- 
tricles, not  being  a  continuation  of  the  canalis  centralis  of 
the  spinal  cord. 

Forming  the  floor  of  the  fifth  ventricle  and  separating  it 
from  the  third  ventricle,  3.  is  the  /tH»mtf\  mainly  made  up  of 
fibres  running  from  bef<>pe  b«ok.  The  anterior  downward- 
curved  end  of  the  fornix  is  thickened,  and  contains  the  an- 
twior  ciHumissure,  a  small  cord  of  tran»rer»e  nerve-fibres. 
The  cavity  of  the  third  ventricle  is  narrow  from  side  to  side, 
and  is   bounded  latenilly  by  the  optic  thnlar.ii,  of  which  the 
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riglil,  having  tlie  figure  3  pljicetl  on  it,  lias  its  niedian  side 
ex[KistHl  ill  the  section.  Tlio  tliinl  ventricle  is  crossed  about 
ltd  aiiddle  by  the  mid4il^  f}mfnm\^MHre^  /,  and  frorti  its  antc*rior 
«nd  the  foramina  of  Monro,  of  wliicli  the  right,  m,  is  purtlj 
exposed  in  the  sectiotu  lead  to  the  lateral  ventricles.  From 
the  fore  part  of  the  third  Tentriele  two  conical  extensions  pass 
downward, one  directed  to  z,  the  ojtfte  vomtnisiittre,  frotn  which 
the  optic  nerves  pass,  and  the  other,  named  the  infHvdUnilum^ 
to  the  pit  it  itartj  botly^  pi,  'J*he  latter  consists  of  an  anterior 
and  posterior  lobe,  and  in  the  hnnian  brain  contains  no  ner- 
vous oloinents.  The  anterior  lobe,  iinleed,  is  an  ontgrowth 
from  the  j^mr^nx  of  tlie  embryo,  and  otdy  i^eoondurily  be- 
come!? aUaaiitd  to  the  brain.  It  is  not  known  to  Inxve  any 
function  in  existing  vertebrates.  From  tlie  posterior  part  of 
the  floor  of  the  third  ventricle  the  itt^r  leads  iis  a  narrow  pus- 
sage  dorsal  to  the  crura  cerebri^  f  V%  and  ventral  to  the  rorpora 
qnadngrminn^  o^  d^  to  the  fottrfh  venfride,  4.  Projecting 
from  the  posterior  wall  of  the  third  ventricle  is  a  small  coni- 
cal non-nervous  ma«s,  the  /**^**<^  i^Oif//,  which,  tliongh  of  no 
fnncticmal  importance,  is  of  interest,  in  the  first  place  be- 
cause the  philosopber  Dtttwiiijtcs  considered  it  tlie  special  9mJi 
of  the  «ofH,  and  in  the  second  because  embryology  and  com- 
^parative  anatomy  slmw  that  it  is  the  rFTITTFant  rtf  «  ihird 
^PtaFil«ifi^-<iy©v* which  primitive  vertebrates  possessed  on  tht^ 
dorsal  side  of  the  head.  In  some  existin^i,^  re.pUJi.^^  its  original 
structure  is  more  complete  than  in  man,  but  in  none  is  it 
functional.  Just  beneath  the  attachment  of  the  pineal  body 
is  a  slight  thickening  of  the  posterior  wall  of  the  fhtrd  ven- 
tricle containing  transverse  fibres,  and  named  the  pfmtrritir 
^Q^m*My^r^.  The  third  ventricle  and  the  parts  immediately 
iurronn^ing  it  constitute  the  inter-hrain  or  ihidamenrephahm^ 
^^hich  with  the  two  cerebral  hemispheres  and  the  corpus  eal- 
loenm  and  fornix  niakes  np  the  fore  brain. 

The  mid-brain,  consisting  mainly  of  the  crnrn  cerebri,  Cr^ 
and  the  oorpoi-aquadrigemina,  o,  ^,  and  traversed  by  the  nar- 
row iter,  is  continuous  posteriorly  witii  the  hind  brain,  con- 
sisting of  pons  Vantlii^  F;  rcrfbelittitK  (%;  and  meduUa  oblon- 
gata. Mo,  The  thin  roofed  cavity  of  the  fourth  ventricle,  4, 
lies  near  its  dorsal  side.  Where  cut  in  making  the  section 
the  cerebellum  shows  a  curious  Ivranching  ooce-oiLwliite  nerve 
matter,  surrounded  by  gray,  named  etrhnr-  vi^tP  by  the  ohl 
tnatomists.      Tiie  i^^aim  consists  mainly  of  trafisverse  fibres 
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TmHymg  the  right  and  left  halves  of  the  cerebellum;  the 
medulla  oblongata  and  crura  contain  mainly  longitudinal 
fibres,  but  there  are  many  transverse. 

Fig.  76  represents  a  vertical  transverse  section  of  the  brain 
taken  through  tlie  fore  part  of  the  corpus  callosum  {CcP)  and 
altogether  in  front  of  the  third  ventricle.  It  shows  tlie  foldings 
of  the  cerebrum  and  its  superficial  layer  of  gray  substance;  the 
anterior  ends  of  the  lateral  ventricles,  TV,  with  a  gray  mass,  the 
corpus  sfriafum  lying  beneath  and  on  the  outer  side  of  each. 
If  the  section  had  been  taken  a  little  farther  back  the  npfic 
thalmni  would  have  been  found  reaching  the  floor  of  each  ven- 
tricle. Like  the  optic  thalamus,  to  the  front  of  and  partly  to 
the  outer  side  of  which  it  lies,  the  ^rrpviii  atTintiTm  is  -maujly 
composed  of  grmwierve  matter.  It  is,  however,  d4viUwl  in 
its  iHi^tcrior  region  into  an  inner  and  outer  i>ortion  by  a  well 
marked  band  of  white  substance,  consisting  of  nerve  fibres, 
passing  through  on  the  way  to  or  from  the  surface  of  the 
cerebral  hemispheres:  this  band  is  the  iitttrnal  crrpsnie. 

Tho  Base  of  the  Brain  and  the  Cranial  Nerves.  Twelve 
pairs  of  nerves  leave  the  skull  by  apertures  in  its  base,  and 
are  known  as  the  cranial  nerves.  Most  of  them  spring  from 
the  under  side  of  the  brain,  and  so  they  are  best  studied  in 
connection  with  tho  base  of  tliat  organ,  which  is  represented 
in  Fig.  TT.  The  first  pair,  or  olfactory  ;/f /•<•(?.<?,  spring  from 
the  under  sides  of  the  olfactory  lobes,  /,  and  pass  out  through 
the  roof  of  tlie  nose.  They  are  the  nerves  of  smell.  The 
aecofi ft  pair,  or  optic  nerreSy  //,  spring  from  the  optic  thalami 
and  corpora  quadrigemina,  and,  un<ler  the  name  of  optic  tracts, 
run  down  to  the  base  of  the  brain,  where  they  appear  passing 
around  the  crura  cerebri,  as  represented  in  the  figure.  In  the 
middle  line  the  two  optic  tracts  unite  to  form  the  optic  com- 
missnre  (soon  in  section  at  z,  in  Fig.  75),  from  which  an  optic 
nerve  proceeds  to  each  eveball.  Hehind  tlie  optic  commis- 
sure is  seen  the  conical  stalk  of  the  pituitaru  hod  if  or  hy- 
pophysis  cerebri  (pt  in  I'ig.  75),  and  still  further  back  a  pair  of 
hemispherical  masses,  about  the  size  of  split  peas,  known  as 
tlio  corjiora  altncantiit. 

All  the  remaining  cranial  nerves  arise  from  the  hind- 
brain.  The  third  pair  (tao tores  ocnli)  arise  from  the  front  of 
the  pons  Varolii,  and  arc  distributed  to  most  of  the  muscles 
which  move  the  eyeball  and  also  to  that  which  lifts  the  upper 
eyelid.     The   four-sided  space   bounded  by  the  optic  ti-aciw 


Fto.  77.— The  ba*^  of  th*?  hmin,    Thp  cer«*briil  hernkpherpa  are  sepn  ejTfrJlftti- 

rMnjrall  tti*»  re»t.    /.  ojfactory  IoI.»*k;  //.  iipJh'  triicl  itasmtiir  iijtbt'  opliti  t.^miniiifKSure 
roni  M  lii«-li  th<?  optic  oervi?!*  jiroectHl ;  II L  tli*"  tliirtl  ri(*rv*'  in  i^jru^u-r  f*r*(//  ;   /  V^  ihvt 
!  ^^  nr ptxthetiCMM :   f  ,  Utf  Ilflf*  nervf  or /M|jrr»nju/r/t*;   Tjl.  rlin  ?tlxt(.i  iHTve 

*  ;    I  //.  ihi?  »<*F<»nt7t   or  facial  vierMv-  ^*r  fmttio  thnn:  ('///,  liif  niidilory 

D'  .     rho  mitllin:  IX,  th**  nJiHh  or  j<i<i«mi  phurimBrrttl:   A',  tlj«*li?filh  or  pneu- 

I JSi<iir<«Ati  k?  or  vnffrtJi:  XI.  the  nplttaJ  ti4M!e««>i:)rj ;  X//.  tlie  lijrpogloesikl;  ncl,  the  (Irftt 
vical  tpioaJ  nervy. 

The  fourth  piur  of  nerves,  IV  (palhetiri),  arise  from  the 
Lfront  part  uf  ihe  roof  of  the  fourth  ventricle.     From   there, 
l^iich  eiirls   urnniMl   a  cntH  cerehn'  (the  cvlintlrical  mmn  seen 
Death  it   in  tlie  tiijurt%  rnnniri«^  from  the  pons  Vurolii  to 
the  lauder  surfane  of  the  cerebral  hemispheres)  arul  ap- 
irs  on  the  base  of  the  brain.     Each  goes  to  one  muBcle  of 
the  eyeball. 

The  fifth  pair  of  nerves  (irigmninales),  V,  resemble  the 
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spinal  nerves  in  having  two  roots;  one  of  these  is  much 
larger  than  the  other  and  possesses  a  ganglion  (the  G assert  an 
ganglion)  like  the  dorsiil  root  of  a  spinal  nerve.  Beyond 
the  ganglion  the  two  roots  form  a  common  trunk  which 
divides  into  three  main  branches.  Of  these,  the  ophthalmic 
is  the  smallest  and  is  mainly  distributed  to  the  muscles  and 
skin  over  the  forehead  and  upper  eyelid;  but  also  gives 
branches  to  the  mucous  membrane  lining  the  nose,  and  to 
the  integument  over  it.    Tlic  second  division  {superior  maxiU 

\  10        ^^'^^  nerve)  of  the  trigeminal  gives  branches  to  the  skin  over 

y^  the  temple,  to  the  cheek  between  the  eyebrow  and  the  angle 
of  the  mouth,  and  to  the  upper  teeth;  as  well  as  to  the 
mucous  membrane  of  the  nose,  pharynx,  soft  palate  and  roof 
of  the  mouth.  The  third  division  (inferior  maxillary)  is  the 
largest  branch  of  the  trigeminal;  it  receives  some  fibres  from 
the  hirger  root  and  all  of  the  smaller.  It  is  distributed  to 
the  side  of  the  head  and  the  external  ear,  the  lower  lip  and 
lower  part  of  the  face,  the  mucous  membrane  of  the  mouth 
and  the  anterior  two  thirds  of  the  tongue,  the  lower  teeth, 
the  salivary  glands,  and  the  muscles  which  move  the  lower 
jaw  in  mastication. 

The  sixth  pair  of  cranial  nerves  (Fig.  77),  IT,  or  abdu- 
centes  arise  from  the  posterior  margin  of  the  pons  Varolii, 
and  each  is  distributed  to  one  muscle  of  the  eyeball. 

The  seventh  pair  (facial  nerves),  17/,  appear  also  at  the 
posterior  margin  of  the  pons.     They  are  distributed  to  most 
of  the  muscles  of  the  face  and  scalp. 
•  The  eighth  pair  (anditorji  nerves)  arise  close  to  the  facial. 

-^^'*^  They  are  the  nerves  of  hearing  and  are  distributed  entirely 
to  the  internal  ear. 

The  ninth  pair  (glossophart/ngeals),  LV,  arising  close  to 

^»^  \    the  auditories,  are  distributed  to  the  mucous  membrane  of 
'«^>A  the  pharynX;  the  posterior  part  of  the  tongue,  and  the  middle 

^^      ear. 

The  tenth  pair  (p)iennwgastric  Nerves  or  vagi),  A\  arise 
from  the  sides  of  the  medulla  oblongata.  Each  gives  branches 
to  the  pharynx,  gullet  and  stomach,  the  larynx,  windpipe 
and  lungs,  and  to  the  heart.  The  vagus  runs  farther  through 
the  body  than  any  other  cranial  nerve. 

The  eleventh  pair  (spinal  arrpssorg  nerves),  XI,  do  not 
arise  mainly  from  the  brain  l)ut  by  a  number  of  roots  attached 
to  the  lateral  columns  of  the  cervical  portion  of  the  spinal 
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cord,  between  the  aiiterior  and  posterior  roots  of  the  proper 
cervical  spinal  nerves,  Euch,  however,  runs  into  llie  skull 
cavity  alongside  of  the  spiinil  cord  and,  getting  a  few  fila- 
ments from  the  niedtilla  oblonguta,  passes  out  along  with  the 
glossopharyngeal  and  pneinnogii^trie  nervea.  Oittside  the 
fiknll  it  divides  into  two  branches,  one  of  which  joins  the 
pneumogiuitric  trunk,  while  the  otlier  is  distributed  to  mus- 
cles about  the  ehoulder. 

The  (wdjth  pair  of  cranial  nerves  (hffpoqifissi),  A'll,  arise 
from  the  sideij  of  the  medulla  oblonguta;  tliey  are  distributed 
mainly  to  the  musclea  of  the  tongue  and  hyoid  bone. 

Deep  Origins  of  the  Cranial  Nerves,  The  |«laces  referred 
to  above,  at  which  the  variong  cranial  nerves  ap[iear  on  the 
Burfaee  of  the  brain,  are  known  as  their  superficial  origins. 
From  them  the  nerves  can  be  traced  lor  a  lesser  or  greater  way 
in  the  substance  of  the  brain  until  each  is  followed  to  one  or 
more  masses  of  gva^jnaiter,  which  constitnte  its  proper  start* 
ing-point  and  are  known  as  its  deep  on  [fin.  Tlie  deep  origins 
ef  all  except  the  firgt  and  second  and  part  of  the  eleventh  lie 
in  the  meduLh^  oblongata,  midbntin,  and  thalamnn  caphalon. 

The  Ganglia  and  Communications  of  the  Cranial  Nerves. 
Besides  the  Gasserian  ganglion  aljove  referred  to,  many  others 
are  found  in  connection  with  the  cranial  nerves.  Thus  for 
example  there  is  one  on  each  of  the  n»aio  divisions  of  the 
trigeminal,  two  are  found  on  ojieli  pneumogastric  and  two  in 
eiinneetion  with  the  glossopharyngeal.  At  these  ganglia  and 
elsewhere,  the  various  nerves  often  receive  branches  from 
neigh iKJring  cranial  or  spinal  nerves,  so  that  very  soon  after 
it  leaves  the  brain  hardly  any,  except  the  olfactory,  optic,  and 
auditory,  remains  free  fronj  fibres  derived  from  other  trunks. 
This  often  makes  it  ditticult  to  say  from  where  the  nerve.:  of 
a  special  part  have  come;  for  exam]de,  the  nerve-fibres  going 
to  the  snhm«»JiiHftrT-<ittltvttfy^hwt^  from  the  trigeminal  leave 
the  bnin  first  in  the  iMiil  and  only  afterwarfls  enter  the 
fifth;  and  many  of  the  fibres  going  apparetjtiy  from  the 
piiamnugiwhic  to  the  h^art  come  o«»««mttj  from  the  &jtitmf 


The  Sympathetic  System.     The  iranglia  which  form  the 

main  centres  of  the  symimthetio  nervous  s^^stem  lie  in  two 

ows  (#,  Fig.  2,  and  #//,  Fig.  3),  one  ou  either  side  of  the 

lies  of  the  vertehrje.     Each  ijanglion  is  united  by  a  nerve- 

Urunk  with  the  one  in  front  of  it,  and  so  two  great  chains  are 
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formed  reaching  from  the  base  of  the  skull  to  the  coccyx. 
In  the  trunk  region  these  cliains  lie  in  the  ventral  cavity, 
their  relative  position  in  which  is  indicated  by  the  dots  sy  in 
the  diagrammatic  transverse  section  represented  on  p.  6  in 
Fig.  3.  The  ganglia  on  these  chains  are  forty-nine  in  num- 
ber, viz.,  twenty-four  pairs,  and  a  single  one  in  front  of  the 
coccyx  in  which  both  cliains  terminate.  They  are  named 
from  the  regions  of  the  vertebral  column  near  which  they  lie; 
there  being  three  cervical,  twelve  thoracic,  four  lumbar,  and 
live  sacral  pairs. 

Each  sympathetic  ganglion  is  united  by  communicafijfg 
hranches  with  the  neighboring  spinal  nerves,  and  near  the 
skull  with  various  cranial  nerves  also;  while  from  the  gan- 
glia and  their  uniting  cords  arise  numerous  trunLs,  many  of 
which,  in  the  thoracic  and  abdominal  cavities,  form  plexuses, 
from  which  in  turn  nerves  are  given  off  to  the  viscera. 
These  plexuses  frequently  possess  numerous  ganglia  of  their 
own;  two  of  the  most  iuiportant  are  the  cardiac  plexus 
which  lies  on  the  dorsal  side  of  the  heart,  and  the  solar  plexvs 
which  lies  in  the  abdominal  cavity  and  sup})lies  nerves  to  the 
stomach,  liver,  kidneys,  and  intestines.  Many  of  the  sympa- 
thetic nerves  finally  end  in  the  walls  of  the  blood-vessels  of 
various  organs.  To  the  naked  eye  tliey  are  commonly  grayer 
in  color  than  the  cerebro-spinal  nerves. 
I ,  Tho'^Lporadio  Gfmglia.     Those   are   fonnd   scattered   in 

nearly  all  })arts  of  the  Hody  except  tlie  limbs.  They  are  for 
the  most  part  small,  even  microscopi(^  in  size,  though  several 
large  ones  exist  in  tlie  abdominal  cavity.  Tliey  are  especially 
abundant  in  the  neighborhood  of  secretory  tissues  and  about 
blood-vessels,  while  a  very  important  set  is  found  in  the 
heart.  Nerves  unite  them  with  the  cerebro-spinal  and  sym- 
pathetic centres,  and  probably  most  of  them  should  be  classi- 
fied as  belonging  to  the  syiilfmtlfKtlTJ'BVsk^m. 

The  Histology  of  Nerve-Fibres.  The  microscope  shows 
that  in  addition  to  connective  tissue  and  other  accessory 
parts,  such  as  blood-vessels,  the  nervous  organs  contain  tis- 
sues peculiar  to  themselves  and  known  as  verve-fihres  and 
nerve-cells.  The  cells  are  found  in  the  centres  only;  while 
the  fibres,  of  which  there  are  two  main  varieties  known  as 
the  white  and  the  grafi,  are  found  in  both  trunks  and  cen- 
tres: the  white  variety  predominating  in  most  cerebro-spinal 
nerves  and  in  the  white  substance  of  the  centres,  and  the 
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Ipay  in  the  sym|mthetic  trunks  and  the  gray  iwrtions  of  the 
[eeutml  organs. 

If  itn  ordinary  cerebro-spiruil  nerve-trunk  1x3  examined  it 
[will  be  fonnd  tu  be  enveloped  in  ii  louse  sheath  of  areolar 
Icounective  tissue,  whiuh  forms  a  packing  for  it  Jiiid  unites 
lit  to  neighboring  parts.  From  this  ^\\eKX\\^  or  peri neur in tn^ 
I  bands  of  connective  tissue  penetrate  the  nerve  and  divide  it 
liip  into  a  number  of  smaller  €ords  or  fujumli,  nineh  as  a 
Imuselt;  is  subdivided  into  ffisciculi:  each  fuuieiihis  has  a 
liheath  of  it£  own  ealled  the  neurikmma,  composed  of  several 
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Vm.  78  Flo.  ?», 

Fro.  TS^—Whlti*  nerrfl-fttireji  booh  after  removal  from  tli»'  Body  auJ  wIi«d  they 

iv«>  Acquirer]  ilifir  double  conlxmr. 
Fiu.  7/  — niapraiii  ilhii^rrarlnj;  th(*  f*rriicturL«  nt  a  irhHeor  medutlattd  ncrvt-Jil^n, 

,  1,  laitniliv**  nliteAtli;  '*,  ii.  rnt^ltillAry  Nlietith;  8^  axlscyllnrler. 
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ncentrie  layers  of  a  delicate  membrane,  within  which  the 
lie  nerve-fibres  lie.  These,  whieh  would  be  nearly  all  of 
thr  white  kind,  eonnist  of  extrenjely  delieate  threads,  on  the 
Hvenig^,  O.Or^f)  mm.  (joViq  ineh)  in  diameter,  though  ofti*n 
nsiderably  smaller,  and  of  a  length  which  is  in  proportion 
ery  great.  The  eore  of  each  nerve-fihre  in  fact  is  continuous 
from  a  nerre-c^n tre  to  the  organ  in  wliich  it  ends,  so  tluit  riio 
fibres,  e.g.,  which  pass  out  through  the  sacral  ]dexus  atid  then 
in  on  through  tlie  sciatic  nerve  and  its  branches  to  the  skin 
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of  the  toes,  are  three  to  four  feet  lung.  If  u  fresh  white  ftero 
Jibre  be  examiued  with  the  iiiicnjsco|M^  it  presents  the  apj 
mice  of  a  perfectly  homogeneous  glassy  thread  j  bnt  soon  it 
acquires  a  characteristic  double  coutour  (Fig, 
78|  from  the  coagulation  of  a  portion  of  irs 
gubslance.  By  proper  treatment  with  re- 
agents three  layers  may  be  bnmjjht  into  view. 
Outside  is  a  fine  transparent  envelope  (U 
Fig.  7Q)  called  the  primitive  sheath  ;  inside 
this  is  a  fatty  substance,  2,  forming  the 
mednUiU'tf  sheath  (the  coagulation  of  which 
gives  the  fibre  its  double  border),  and  in  the 
centre  is  a  core,  the  axis  ajUndfr^  3,  which 
is  longitudinally  fibrillated  and  is  clearly  the 
essential  part  of  tlie  fibre,  since  nctir  the  end- 
ing the  primitive  and  medullary  sheaths  are 
frequently  absent.  At  intervals  of  about 
one  niillinietcr  («ij  inch)  along  tbe  fibre  are 
found  nnr.lei  (r.  Fig,  80),  around  each  of 
which  lies  a  little  protoplasm.  These  are 
indications  of  the  primitive  cells  which  have 
elongated  and  formed  £kQ  envelopie  for  the 
axis  cylinder,  wliich  itself  is  a  branch  given 
off  by  a  nerve-cell  in  some  centre.  The 
meduHary  sheath  is  interrupted  half  way 
hetwecir  each  fiair  of  nuclei  at  a  point  t^-alled 
tlic  iwdfi  of  Rtmvier  (A\  Fig,  60),  which  is 
tl^'  tiouMdarTbBtWG^ll  Ipni  of  the  enveloping 
cells,  lit  the  course  of  a  nerve-trunk  its 
fibres  rarely  divide;  when  a  branch  is  given 


F,o.  Ro_pnrHon.  ^^^   some   fibres   merely   separate    from   the 


of  I  wo  ivhii*'  or 


mal/mrU^  rest,  much  as  a  skein  of  silk  might  be  sepa. 

fowr  imntirH.idiftriit*^  rated  out  at  one  end  into  smaller  bundles 

t4?rT«:  liiey  navt^  bf-i-ti 

trf-nt*^.!  with,  o^mir  containing  ft*wer  threads.     Near  their  ends, 

ai?id  winch KCAmstlte  *^  i  -  i      n  i  j 

tntNitiUiirv      KhPHtii  bowever*  nervc-libres  frequently  branch,  and 

hiac'k  and   hrlriLvs  ii»       ,  i..    .    -  ^i      i  ■  i*-      i 

to  iriew  tiie  nuciH,  then  a  divisiou  oi  the  axis  cylinder  goes  to 

**,    c,  and    nrMlwH   of  i     i  i 

Hunvipr.  H.  Tbe  axb  cach  branch. 

TOnt7mmu»*TbrouKh  CJrsy  Herve-Pibras.  Some  of  these  are 
the  notiei.  merely  wliite  fibres  which   near    their  peri- 

pberal  ends  have  lost  their  medullary  «heaths;  others  have  no 
medullary  slieatb  throughout  their  whole  course,  and  consist 
merely  of  an  axis  cylinder  (often  striated)  and  nuclei,  with 
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rwithoitt  a  primitive  sheatli.  Sucli  fibres  are  especially 
ind&nt  in  the  ayrapatht^tiL'  tnmk?^  aiul  they  alone  form 
the  olfactory  nerve.  In  thecomminiicatmg  branches  between 
the  syni pathetic  ganglia  antl  the  spinal  nerves  both  whito 
and  gray  fibres  are  foinni;  the  former  are  cerebro-spinal 
fibres  passing  into  the  sytnpathetic  syeteni,  wliile  the  gray 
fibres  originate  in  the  synipathetie  system  and  pass  Ui  the 
membranes  and  blood-vessels  of  the  spinal  cord  and  spinal 
column.  Another  grotip  of  gray  nerve-fibres  may  hv  called 
turve-tihrils :  they  are  extremely  fine,  and  result  from  the 
sabdivisiou  of  axis  cylinders,  close  to  their  final  endings  in 
many  parts  of  the  Body,  after  they  have  already  lost  both 
primitive  and  metlnllary  sheaths.  Many  fine  gray  fibres  exist 
in  the  nerve-centres. 

The  Histology  of  Nerve-Cells.  The  only  struct u res 
known  with  certainty  to  be  connected  with  the  central  ends 
of  nerve-fibres  are  nerve-eeUs,  ami  so  maiiv  nerve-fibres  have 
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Wm  SI  — l*€rw-c«n  from  anterior  lioni  of  gr^y  iiiAlter  of  apinaJ  oord;  a.  axI*- 
isgrllliilcf  jpfoeeift.    t£,  Cell  from  poaC^rtor  lioru  of  ^pirlul  curd. 

been  traised  into  continuity  with  nerve-cells,  that  it  is  fairly 
certain  all  arise  in  this  way*     The  latter  may  therefore  be  re- 
led  OS  the  central  organs  of  the  nerve- fibres. 
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At  1,  Fig.  81,  is  shown  a  typical  nerve-cell  such  as  may 
be  found  in  an  anterior  horn  of  the  gray  matter  of  the  spinal 
cord.  It  consists  of  the  cell  bodtfy  or  cell  protoplasm,  in 
which  is  a  large  nucleus  containing  a  nucleolus.  From  the 
body  of  the  cell  arise  several  branches,  the  great  majority  of 
which  are  granular  and  divide  frequently  in  a  forking  or 
" dichotonious ''  manner.  These  are  known  as  the  "proto- 
plasmic "  branches  of  the  cell,  and  possibly  serve  merely  to 
absorb  nourishment  for  it.  One  branch,  however,  a,  gives  off 
at  right  angles  smaller  filaments,  but  still  maintains  its  in- 
dividuality and  ultimately  becomes  the  axis  cylinder  of  a 
nerve-fibre.  Its  side  branches  probably  put  it  in  anatomical 
continuity  with  other  nerve-fibres  and  other  nerve-cells. 
Nerve  cells  from  the  posterior  horn  of  the  grey  matter  of 
the  spinal  cord  (2,  Fig.  81)  also  possess  numerous  granular 
protoplasmic  processes  and  a  nerve-fibre  process  (4);  but  the 
latter,  instead  of  continuing  directly  into  an  axis  cylinder, 
breaks  up  into  a  network  of  fine  branches  which  frequently 
unite  with  one  another  and  also,  no  doubt,  with  fibrils  from 
neighboring  cells.  It  is  almost  certain  that  one  or  more  of 
these  fibrils  or  a  bunch  of  them  forms  the  niii  tylnider  of  a 
fibre  in  a  (lefMl  root  of  a  spinal  nerve. 

As  we  shall  learn  later,  the  dorsal  roots  are  concerned  in 
carrying  impulses  from  the  skin  and  other  sensitive  parts  to 
the  spinal  cord ;  the  anterior  roots  in  conveying  impulses  from 
tlie  nerve-centres  to  the  organs  (muscles,  glands,  etc.)  of  the 
liod y.  Tlierefore,  in  general  terms,  we  may  speak  of  the  type 
of  nerve-cell  1,  Fig.  81,  as  a  motor  nerve-cell;  and  the  type 
of  cell  *^*,  Fig.  81,  as  a  sensory  nerve-cell.  Both  varieties  of 
(Jells  are  found  abundantly  in  the  gray  matter  of  the  brain 
(Fig.  83),  along  with  other  forms,  of  which  the  pear-shaped 
celLs  otrnrlciiije  existing  in  the  cerebellum  may  be  mentioned 
(Fig.  82). 

In  the  syrni)at)ietic  and  sporadic  ganglia  somewhat  simpler 
forms  of  nerve-cells,  having  fewer  branches,  occur.  As  a  rule 
nerve-cells  are  comparatively  large  and  have  conspicuous 
nuclei,  but  in  the  brain  many  small  ones  exist. 

Neuroglia.  In  the  brain  and  spinal  cord  the  true  nervous 
elements  are  intertwined  with  and  supported  by  connective 
tissue  and  minute  blood-vessels,  but  in  addition  there  is  found 
closely  twisted  around  the  cells  and  fibres  a  peculiar  tissue 


cells  and  iierTe-fibres,  some  of  the  latter  being  connected  with 
the  oelU,  wbik*  others  uray  merely  puss  tlirotigh  on  their  way 
to  or  from  other  eentre^.  As  an  ilhistnitiofi  of  the  atrncfciire 
uf  ik  more  coin irlux  nerve-centre  we  niMVstnily  the  spinal  ocird. 
Hidtology  of  the  Spinal  Cord.  If  u  thin  trausverine  sec- 
tion of  the  spinal  cord  be  exaniinetl  with  a  rnieroecope  it  will 
bo  found  that  envelopinc^  the  wlioh^  is  a  delieate  layer  of 
re  tissue^  the  ftift  maier.     Fine  bands  of  it  ramify 


.  jf».  S(.— A  tliin  imnBTpnw  Bectlrrn  of  hnU  of  rbe  spina)  cord  mairtitfled  about 
tOcilamet**rs.  1.  anUTiMr  flissure  ;  i*.  jMisi*M-i-»r  flssur**  ;  3,  cunnlu  ctutrahs  :  U.  pia 
tmtter  enveloping  (lie  roni  ;  6.  7,  lianns  of  pja  nKitt^r  (itf  netraiing  the  cord  and  Mip- 
porting  Its  nrr*f  eleTiii^iils  ;  V»,  a  post<!*rior  root  ;  UK  buudlea  of  an  antehor  rt>ot ;  <i, 
o«  r,  iJ,  e,  jy^roi)i>8  of  nerve  ct^Un  |u  tbe  s^rmy  timlt+T. 

muiiily  nnu]e  up  of  niedulluted  iierve-filires  wliich  niii  lougi- 
tutliiially  2iii<l  thtfrafore  appear  in  tlw  tnitisverse  seetiaii  as 
circles,  witli  a  dot  in  tlie  centre,  which  ie  the  axis  cyliiuler. 
At  i^  ill  Fig.  85  these  fihros  are  represented,  the  in  termed  iiite 
conTieetive  tissiu^  bring  omitted,  wliih*  at  f  this  hitter  alone  ia 
represented  in  order  to  show  more  clearly  its  arrangement. 
At  the  levels  of  the  nerve*roots  horizontal  white  fibres  are 
fonnd  (f>  and  10,  Fig.  84,  and  a,  Fig*  SJ),  running  into  the 
gray  matter,  and  others  exist  ut  the  bottom  of  the  anterior 
figure,  running  from  one  side  of  the  cord  to  the  other.     In 
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the  gray  snbsiance  the  same  gapport'm^  Betworlc  of  connee- 
live  tissue  is  fouml,  but  m  it  the  nmjority  of  the  uerve-tibres 
are  n-Qft-mednllnted,  uiid  at  certain  points  nerve-«aiJs,  sncb  us 
we  totally  absent  in  the  white  substance,  are  fonni].  One 
collection  of  theise  nerve-cells  is  seen  at  c  in  Fig*  84,  and 
others  are  represented  at  a, «?, /,  and  elsewliere.  The  nerve- 
fibres  in  the  gray  matter  are  for  tlie  niopt  purt  branches  of 
the  axis  cylinder  processes  of  these  L-elis  (see  Fig.  81),  and  as 
thoy  unite  with  one  another  freely  they  form  a  structurally 
cotitinuous  network  through  the  whole  gray  snbfitanee.  Tlie 
fibres  of  the  anterior  roots  of  the  spinal  nerves  enter  the  gray 
matter  and  there  most  of  them  soon  beconje  continuous  witli 
the  axis  cylinder  process  of  a  nerve-cell;  tlie  eoding  of  the 
posterior  root-ffbre«  is  not  quite  certain,  but  they  appear  to 
break  up  ^  '  >  the  gray  netw«jrk»  to  be  by  it  phiced  md?- 
neily  in  r-  .^u  with  nerve-cells.     In  any  case  the  funda- 

mental fact  remains  that  every  nerve-fibre  joining  the  sjiinal 
cord  is  directly  or  indirectly  in  continuity  with  the  gray  not- 
work,  and  so  with  all  the  orlier  fibres  of  all  the  spinal  nerves* 


Fto,  fd  ^A  nmmH  hit  ftf  the  s+'ctmn  rt*pr«*s«*nre<J  in  Fi^,  SI  more  tnti^'riEfled.    a,  & 
Ml4»  of  nbniM  from  au  liiUt^rlnr  root  pa»>fntr  tltrmi^rti  Oki*  tvlilt**  HUhntanff  on  U<i 
'     ■'      r^ray     Towjinls  th**  righf  nf  rh'^  flifur*>  rht-  iHTV»*dbrr*  of  (li#*  anterif>r 
c  h*»>'ii  omtrf<**l  iM»  a--  i*>  rerMler  mi*«r**  eof^FipiciiouK  tlie  !^iippi>ri(n^  con- 

r*  ■<■-,  tl  ikutl  f.     KJj«»wii*»rT*  U\r  ti*'rvi»-t1lurr»!i  alotjp  aru  n^prt*9«'iilecl  ;  r,  eRvel- 

<*|i»pi^  l>,n  unttfv.    Th*»  netirngliu  i.*,  not  (fJctn^alr-U. 

From  the  sides  of  the  _onray  substai^ce,  fibres  continually  pass 
ont  into  thttwhite  portion  and  become  me<iullated;  some  of 
tfae^  enterihe  gray  netwi»rk  again  at  another  level  and  so 
bring  parts  of  the  cord  itito  especinlly  close  union,  while 
others  pass  on  into  the  brain.  At  the  top  of  the  neck,  more- 
OTer,  the  gray  matter  of  the  cord  is  continuous  with  t!iat  of 
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the  medulla  oblongata  and  throvigh  it  with  the  rest  of  the 

brain,  so  that  iiervoug  (liBturbances  can  pass  bj  HQatomically 

continuous  paths  from  mie  to  the  other. 

Til©  Structure  of  a  Spmal  Ganglion.     Wlien  one*  of  thest? 

ganglia  is  cut  lL-iigthwise>  and  the  section  examined  micro- 

scopicuUy,  it  is  seen  that 
connective  tissne  forme  an 
envelope  for  it,  and  sends 
ramifying  bundles  through 
it.  The  fibres  of  the  poste- 
rior root  become  separated 
into  bundles  when  they 
enter  a  ganglion  and  unite 
into  a  single  bunch  when 
tliey  leave  it  to  join  the 
mixed  spinal  nerve  trunk. 
Between  the  bundles  of 
nerve-tibres  within  the  gan- 
glion are  groups  of  nerve- 
cellB,  and  probably  each  fibre 
on  its  way  throngh  the  gan- 
*"  glioti   is   conneeted    with   a 

cell:  .10,  lu  fibriiuuid  prwe^s,  vkiik'ii  it.*-  <-Cii.       luis    conneciion    oc- 
iie«iir  nij,  bt?oome«  a  Atom  which  M  the  CHis  m  a  bofuew  nat  pecuhar 

node  of  Rftnirler  nr  jofnji  a  pt«tehor  nxtt   ^euv        *V\\f*     n**lla      (V\(r     ^i\\ 
llbPfs,  pmrt  of  its  ftris  cylinder,  c.  rynniuif  ^^J  '       ^  "*^     ^^^^^      l^^g-    ^^f 

oeotmliy  In  thin,  atid  part,  li,  distAiij.  ^j.^*    pcnr-shaped,     grantilar, 

contain  a  large  nnclens  and  nucleolus,  and  average  ^V  ^i^'^i* 
(rK  i*i^'h)  in  long  diameter,  Near  its  narrow  end  the  cell 
substance  is  fibrillated,  and  adiajidje  of  these  fine  fibres,  rrr, 
passes  from  it,  something  like  the  stalk  from  a  pear.  This 
"etalk  is  SS^axis  cylinder,  and  has  on  it  small  nuclei.  A  little 
way  from  the  cell  the  uxiscyltiukT  accpiires  a  primitive  t*heath, 
ps,  and  a  little  farther  on  a  iflitflltlary  sheath,  nis,  so  that  it 
becomes  a  fnlly  formed  white  nerve-fibre.  At  a  node  of  Rjui- 
vier  (usu silly  that  one  nearest  the  cell),  nr,  this  diSifes,  its 
branches  diverging  from  it  at  light  angles:  one  bran  eh  nni« 
to  the  posterior  root  and  enters  the  spinal  oord;  the  other 
continues  throngh  the  ganglion  as  a  fibre  of  the  mixed 
nerve-trunk.  The  axis  cylinders  of  these  branches,  r  and  d, 
in  some  cases  at  least,  contain  fibril lae  not  derived  from  the 
pear-shaped  cell  in  addition  to  those  wbicb  are.  Each  cell  m 
it  lies  in  the  ganglion  is  encased  in  a  delicate  envelope  of 
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flattened  nucleated  cells  (not  indicated  iu  the  fignre)^ 
probably  belonging  to  the  surrounding  connective  tissue. 
Blood-vessels  are  distributed  in  the  ganglion,  the  capillaries 
being  especially  numerous  about  the  nerve-cells. 

Most  of  the  cells  of  sympathetic  and  other  peripheral  gan- 
glia seem  to  have  several  branches^  no  one  of  which  differs 
essentially  from  the  rest;  probably  each  branch  becomes  part 
of  the  axis  cylinder  of  a  different  fibre,  the  cell  thus  placing 
several  distinct  fibres  in  communication. 
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CHAPTER  XIIL 

THE  GENERAL  PHYSIOLOGY  OF  THE   NERVOUS  SYSTEM. 

The  Properties  of  the  Nervous  System.  General  Con- 
siderations. If  the  finger  of  any  one  unexpectedly  touches 
a  very  hot  object,  pain  is  felt  and  the  hand  is  suddenly 
snatched  away;  that  is  to  say,  sensation  is  aroused  and  cer- 
tain muscles  are  caused  to  contract.  If,  however,  the  nerves 
passing  from  the  arm  to  the  spinal  cord  have  been  divided,  or 
if  they  have  been  rendered  incapable  of  activity  by  disease,  no 
such  results  follow.  Pain  is  not  then  felt  on  touching  the 
hot  body  nor  does  any  movement  of  the  limb  occur;  even 
more,  under  such  circumstances  the  strongest  effort  of  the 
will  of  the  individual  is  unable  to  bring  about  movement 
of  his  hand.  If,  again,  the  nerves  of  the  limb  have  uninjured 
connection  with  the  spinal  cord,  but  parts  of  the  latter, 
higher  up,  between  the  brain  and  the  point  of  junction  of  the 
nerves  of  the  brachial  plexus  with  the  cord,  are  injured,  then 
a  sudden  contact  with  the  hot  body  will  cause  the  arm  to  be 
snatclied  away,  but  no  pain  or  other  sensation  due  to  the 
contact  will  be  felt,  nor  can  the  will  act  upon  the  muscles  of 
the  arm.  From  the  coni})ari8on  of  what  happens  in  such 
cases  (wliich  liave  been  observed  over  and  over  again  upon 
wounded  or  diseased  persons)  witli  what  occurs  in  the  natural 
condition  of  things,  several  important  conclusions  may  be 
arrived  at: 

1.  The  feeling  of  pain  does  not  reside  i?i  the  burnt  part  it- 
self; although  that  may  be  perfectly  normal,  no  sensation 
will  be  aroused  by  any  external  force  acting  upon  it,  if  the 
nervous  cords  uniting  it  with  the  centres  be  previously 
divided. 

2.  The  hot  body  has  originated  somt  change  which,  when 
propagated  along  the  nerve-trunkSyhas  excited  a^^flttilTon  of 
the  'Hj&KiiAiMntres  which  is  acc^mpmnt^d  by  a  sensation,  in  this 
particular  case  a  painful  one.  This  is  clear  from  the  fact 
that  the  loss  of  sensation  immediately  follows  division  of  the 
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nerres  of  the  limb,  but  wot  the  injury  of  any  of  its  other 
parts;  unless  of  such  a  character  as  to  cut  off  the  supply  of 

V blood,  when  of  course  the  nerves  soon  die,  with  the  reat* 
Even,  however,  some  time  after  tying  the  vessels  which  carry 
blood  to  a  limb  one  tmn  observe  in  experiments  upon  the 
lower  animals  that  sensibility  is  still  retained  if  the  nerves 

.  be  not  directly  injured, 

3.  When  a  nerve  in  (he  skin  is  excikd  %  a  hurn,  or  oiher- 
wisBf  it  does  not  ilirectUf  call  forth  muscular  coniraclitms;  for 
if  so,  tonehing  the  hot  body  would  cause  the  limb  to  be  moved 
even  when  the  nerve  had  been  divided  bigii  up  in  the  arm,  and 

V  a  matter  of  observation  and  experiment  we  tind  that  no  yuch 
"result  follows  if  the  nerve-Hbres  have  been  cut  in  any  part  of 
their  course  from  the  burned  part  to  the  spinal  marrow.  It 
is  therefore  fhrtm^  ^^»  net  VB-Wfltfes  that  the  diau^e  trana- 
mitted  from  the  ejvited  part  af  the  skm  is  reflected  or  sent 
backf  to  act  upon  the  muade^, 

4.  The  last  deduction  makes  it  probable  that  nerre-Jibfes 
tnuitt  pass  from  the  centre  to  mnscicM  as  well  a.^  from  the  skin 
to  the  centre,  Thi8  U  conlirmed  by  the  fact  that  if  the  nerves 
of  the  limb  bo  divided  the  will  is  unable  to  act  upon  its 
muscles,  showing  that  thes<!  are  excited  to  contract  through 
the  nerves.     That   the   nerve-fil>re8    concerned    in   arousing 

_ftengation   and  inuscular  contractions  are  different,  is  shown 
by  cases  of  disease  in  which  the  seusibility  of  the  limb  is 
loet  while  the  power  of  voluntarily  moving  it  remains, and  by 

pother  cases  in  which  tlie  revenue  is  seen,  objects  touching  the 
hand  being  felt  while  it  cannot  be  moved  by  the  will.  We  con- 
elude  then  that  certain  nerve -Uteres  when  stimnlated  convey 
something  {a  nervous  impulse)  to  the  centres,  and  that  these 
when  excited  may  radiate  impulses  tjirougli  other  nerve-fibres 
t4>  distant  partSt  the  centre  serving  as  a  connecting  link  be- 
tween the  fibres  whicii  carry  impulses  from  without  in,  and 
those  which  convey  them  from  within  out. 

5,  Further  we   conclude  that  the  spiff  a  I   cord  can  act  as 
ifl  intermedianj  between  the  fi tyres  carrying  in  nvrvons  im^ 

rpuhe^  and  those  camjing  ttiem  out,  but  that  sensations  can- 
nfd   be   arovned  by  impulses  reaetiing  ike  spinal  card  on  If/, 

L|wr  has  the  Hill  its  seat  there;  vol  if  ion  and  consciousness  are 

^dependent  upon  states  tf  the  brain.  This  follows  from  the 
tineonseious  movements  of  the  limbs  whicli  follow  stimula- 
tion of  its  skin  after  such  injury  to  the  spinal  cord  as  pre- 
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vents  the  further  transmission  of  nervous  impulses  (show- 
ing that  the  cord  is  a  reflex  centre),  and  from  the  absence,  in 
such  cases,  of  sensation  in  the  part  whose  nerves  have  been 
injured,  and  the  loss  of  the  power  of  voluntarily  causing  its 
muscles  to  contract. 

6.  Finally  we  conclude  that  the  spinal  cord  in  addition  to 
being  a  centre  for  n flex  actions  serves  to  transmit  nervous  im- 
pulses to  and  from  the  brain;  a  fact  which  is  confirmed  by  the 
histological  observation  that  in  addition  to  the  nerve-cells, 
which  are  the  characteristic  constituents  of  nerve-centres,  it 
contains  the  simply  conductive  nerve-fibres,  many  of  which 
pass  oil  to  the  brain.  In  other  words,  the  spinal  cord,  besides 
containing  fibres  which  enter  it  from  and  pass  from  it  to  peri- 
pheral parts,  contains  many  which  unite  it  to  other  centres; 
and  others  which  connect  the  various  centres  in  it,  as  those 
for  the  arms  and  legs,  together.  This  is  true  not  only  of  the 
spinal  cord,  but  of  the  brain  (which  contains  many  fibres 
uniting  different  centres  in  it),  and  probably  of  all  nerve- 
centres. 

The  Funotions  of  Nerve-Centres  and  Nerve-Tninks. 
From  what  has  been  stated  in  the  previous  paragraphs  it  is 
clear  that  we  may  distinctly  separate  the  nerve-trunks  from 
the  nerve-centres.  The  fibres  serve  simply  to  convey  impulses 
either  from  without  to  a  centre  or  in  the  opposite  direction, 
while  the  centres  conduct  and  do  much  more.  Some,  as  the 
spinal  cord,  are  merely  p^fiaxmnUres  and  have  nothing  to  do 
with  states  of  consciousness.  A  man  with  >)is  spinal  cord 
\  cut  or  disetised  in  the  thoracic  region  will  kick  violently  if  the 
I  soles  of  his  feet  be  tickled,  but  will  feel  nothing  of  the  tick- 
I  ling,  and  if  he  did  not  see  his  legs  would  not  know  that  they 
were  moving.  Reflex  centres  moreover  do  iwi  act,  as  a  rule, 
indifferently  and  ea»»aUy,  but  rearrange  the  impulses  reach- 
ing them,  so  as  to  produce  a  protectiva  or  in  some  way  advan- 
tageous result.  Iti  other  words,  these  centres,  acting  in 
health,  commonly  «6«a£iZiiiUz/^  the  incoming  impulses  and  give 
rise  to  outward-going  impulses  which  produce  an  apparently 
purposive  result.  The  burnt  hand  or  the  tickled  foot,  in  the 
absence  of  all  consciousness,  is  snatched  away  from  the  irri- 
tant; and  food  chewed  in  the  mouth  excites  nerves  there 
which  act  on  a  centre  which  causes  certain  cells  in  the  salivary 
glands  to  make  and  pour  into  the  mouth  more  saliva.  In 
addition  to  the  reflex  centres  we  have  others,  placed  in  the 
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brain,  the  excitation  of  which  is  accompanied  in  iis  by  yarious 
states  of  consciousness,  as  senyatioiis,  emotion 8,  and  tlif  -a ill; 
concerning  these  cenfres  of  eouscionsnrss  our  j)livaioio«jieul 
knowledge  is  still  very  incomplete;  what  we  know  about  them 
IB  based  rather  on  psyciiological  than  phy^siological  observa- 
tion. The  brmtt-filso  cou rains  a  great  miiuy-imp<>r»(iTrt  reflex 
cmUxm,  as  that  for  the  muscles  of  swallowing,  an  act  which 
goes  on  perfectly  without  our  consciousness  at  alh  la  fact 
if  we  pay  attention  to  our  swallowing  we  fail  to  perform  it  as 
well  as  if  we  let  the  nervo-muacular  apparatus  alone,  as  is 
illustrated  by  the  difficukynumy  persons  experience  on  it^f^inff 
to  owftUom-a.pilL  To  complete  the  statement  of  the  functions 
of  the  nerve-centres  we  must  probably  add  two  other  groups. 
The  first  of  these  is  that  of  the  ttuimnafic  rcntres^  whicli  are 
cei»tres  excited  not  directly  by  uerve-tibres  cnnveyirig  iriipuisos 
to  them,  but  iu  other  ways.  For  example  the  breuthUig 
movements  go  on  iwlc|iW!iiently  of  our  owwetmrffness;  being 
dependent  on  siiiiutUti^m  of  a  nwFve  I'pntrtin  the  bmirt  Ity 
the  blood  TTUt#h  liows- tkrau^h^it  (see  Chap.  XXVII):  anti 
the  beat  of  the  heart  is  also  much  dependent  (Chap.  XVI II) 
upon  nerTe-ceutres,  the  excitant  of  which  is  urjknown.  The 
final  group  of  nerve-centres  is  represented  by  eertaiti  sjRriailiL!'  "^ 
sympatUeLk;  and  cerebro-spinal  gmiglift  ^vhich  are  not  known 
to  be  either  rHfer,  a;trfc^««itic,  or  eettioious  in  function.  They 
may  be  called  vth^  ttmi  jmmiirrn  trfiiftn,  since  in  them  prob- 
ably an  impulse  entering  by  one  nerve-fibre  excites  a  cell, 
which  by  its  communicating  branches  arouses  many  others, 
and  these  then  send  out  impulses  by  the  many  nerve-fibres 
connected  with  them.  By  gtich  means  a  single  iier^^-libTe  can 
aot-tipon  an  extended  r«jgion  of  the  Body,  In  other  cases  it 
seems  likely  that  a  feeble  nervous  impnlsc  reaching  an  irri- 
table nerve-cell  excites  changes  in  this  comparable  to  those 
pi*oduced  in  a  muscle  when  it  is  stimnlated;  the  cell  is  in 
fact  a  store  of  readily  decomposable  material  which  breaks 
down  when  stimulated  through  one  branch,  with  the  liberation 
of  energy,  the  discharge  of  which  takes  the  form  of  trnxdow^eA 
nerve  impulses  sent  along  other  branches  or  one  of  them. 

That  nerve-cells  are  the  seats  of  considerable  iN^twbffic 
chungoft  is  indicated  by  the  abundant  giipply  of  btooAi always 
Beni  to  regions  where  they  are  nomerruis:  and  that  some  of 
their  material  is  used  up,  or  undergoes  katabolism,  during 
their  activity  and  is  replaced  by  atmUulII!!  processes  during 
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^  can  be  dememtrat'ed  histologically.  If  the  sensory 
nerves  of  one  fore  limb  of  an  animal  be  left  at  rest  and  those 
of  the  other  simultaneously  excited  for  several  hours,  it  will 
be  found,  at  the  end  of  that  time,  that  the  nwlai  of  many 
cells  of  the  spina)  gnnglia  of  the  bj;afihiALttMrves  on  the  stim- 
ulated side  are  sbuuii^^.n  and  distociad  when  compared  with 
those  of  the  other  side.  But  if  »omo. hours  be  suffered  to 
elapse  before  the  animal  is  killed  and  the  ganglia  examined, 
the  nuclei  of  the  cells  on  both  sides  will  be  found  equally 
large  and  well  rounded.  In  rrtrritr  pigrnnn  after  a  long  flight 
and  in  wild  sparrows  shot  at  the  close  of  day,  the  nuclei  of 
the  nerve-cells  connected  with  the  origin  of  motor  nerve-fibres 
are  found  to  be  shrivelled,  and  the  whole  cell  frequently  dimin- 
ished in  size  when  compared  with  specimens  taken  from  birds 
after  a  period  of  rest.  In  old  age-  the  nuclei  of  many  nerve- 
cells  arc  small  and  distorted,  even  after  prolonged  rest. 

Nerve-trunks  and  the  white  portions  of  nerve-centres  are 
sparsely  supplied  with  blood  and  undergo  but  small  and  slow 
nutritive  changes  in  health.  Their  activity  appears  to  consist 
in  the  transmission  of  some  molecular  motion  not  affecting 
the  nutrition  and  chemical  composition  of  the  fibre,  and  not 
using  up  its  material. 

Excitant  and  Inhibitory  Nerves.  The  great  majority 
of  the  nerve-llbres  of  the  Body  when  they  convey  nervous 
impulses  to  a  part  arouse  it  to  activity;  they  are  excitant 
fibres.  There  is,  however,  in  the  Body  another  very  impor- 
tant sot  Avliich  arrest  the  activity  of  parts  and  which  are 
knoAvn  as  inhiltitoni  nerve-filfn'S,  Some  of  these  check  the 
action  of  central  nervous  organs,  and  others  the  work  of 
peripheral  j)arts.  For  instance,  taking  a  pinch  of  snuff  will 
make  most  persons  sneeze;  it  excites  centrally  acting  fibres 
in  the  nose,  tlioso  excite  a  centre  in  the  brain,  and  this  in 
turn  sends  out  ini})ulses  by  motor  fibres  which  cause  various 
muscles  to  contract.  But  if  the  skin  of  the  upper  lip  be 
pinched  immediately  after  taking  the  snuff,  in  most  cases  the 
reflex  act  of  sneezing,  which  the  AVill  alone  could  not  pre- 
vent, will  not  take  place.  The  afferent  impulses  conveyed 
from  the  skin  of  the  lip  have  "  inhibited  '*  what  we  may  call 
the  "  sneezing  centre;'*  and  afford  us  therefore  an  example 
of  inhibitory  fibres  checking  a  centre.  On  the  other  hand, 
the  heart  is  a  muscular  organ  which  goes  on  beating  steadily 
throughout  life;  but  if  certain  branches  of  the  pneumogastric 


GENERAL  FHY8J0L0Q7  OF  THE  NERVOUS  Si'STEM.    191 


nerve  going  to  it  be  excited,  the  beat  of  the  heart  will  be 
stopped;  it  will  ceaae  to  work  und  lie  in  a  relaxed  resting 
condition:  in  this  we  have  an  instiince  of  an  inhibitory  nerve 
checking  the  activity  of  a  peri|dieral  urgiui. 

Classification  of  Nerve-Fibres.  Nearly  all  the  nerve- 
fibres  of  the  Body  fall  into  one  of  twu  great  gronps  eorre- 
i^ponding  to  those  which  carry  impulses  to  the  centres  and 
tliose  which  carry  them  out  from  the  centres.  The  former 
are  called  afferent  or  cenlripetaljii/rtii,  ond  the  latter  effireut 
or  ceuirifttrffti,  Since  the  impulses  reaching  the  centres 
through  the  afferent  fibres  frequently  cause  sensations  they  are 
often  called  senaort/  Jibreif  ;  and  as  many  of  tliose  which  carry 
out  impulses  from  the  centres  excite  movements,  they  are 
frefjnently  called  mofor  ftbre.s  :  but  these  last  names  are  bad, 
gince  even  excluding  iidiihitory  nerveg,  many  afTcrent  fibres 
are  not  sensory  ami  many  efTerent  are  not  motor. 

We  may  distinguish  as  subdivisions  of  afft-reitt  fibres  {he 
following  groups,  1.  iSeftsf^ri/  fihre^  proper,  the  excitement 
of  which  is  followed  by  a  sensation  when  they  are  connected 
with  their  brain-centre,  which  sensation  may  or  may  not  give 
risa  to  a  voluntary  movement.  2.  h*eflex  fibres,  the  excitation 
of  which  may  be  attended  with  consciousness  but  ^ives  rise 
to  involntitary  elff'rent  impnlges.  Thus  for  exam[ile  light 
falling  on  the  eye  causes  not  only  a  sensation,  but  also  a  nar- 
rowing of  the  pupil,  which  is  entirely  independent  of  the 
control  of  the  will  No  absolute  line  can,  however,  be  drawn 
between  these  fibres  and  those  of  the  lust  group:  any  siiddLii 
excitation,  as  ati  unexper  ted  noise,  will  eanse  an  involuntary 
movement,  while  the  same  sound  if  expected  would  canse  a 
movement  or  not  according  as  was  wiiled  3.  ICjriiu  motor 
fibres.  The  excitation  of  these  when  reach irjg  a  nerve-ct^ntre 
ciinses  the  stimulation  of  etferent  fii>res,  hut  without  the  par- 
ticipation of  consciousness.  During  fasftTTg,  for  instance,  bitr 
it#e«mnUi4>CP  ill  the  gaH-bfndder  and  reirmins  there  until  some 
seiiu-4i«#ste«l  food  paitf^es  from  Uie  stoma^^k  ktfcii  tirgiTrtestine. 
This  is  acid  and  stimuhites  nerv^>8  In  the  mucons  membrane 
lining  the  intestine,  and  these  convey  an  impulse  to  a  centre, 
which  in  conseipienee  sends  out  impulses  to  the  muscular  coat 
of  the  gall-hladder  causing  it  to  contract  and  expel  its  con- 
tents into  the  intestine:  but  of  all  this  we  are  entirely  nn- 
co  use  ion  3*  4  Cetitra-tnhihiturf/  fihns.  Whether  these  exist 
as  a  distinct  class  is  at  ^iresent  dau^lfnl.     It  may  be  that 
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they  are  only  ordinary  sensory  or  reflex  fibres,  and  that  the 
inhibition  is  due  only  to  the  interference  of  %m\}  iiupnlses 
reaching  a  central  organ  at  the  same  time  and  impeding  or 
hindering  the  full  production  of  the  normal  result  of  either. 

In  efferent  nerve-fibres  physiologists  also  distinguish  sev- 
eral groups.  1.  ^fotor  fibres^  which  are  distributed  to  the 
muscles  and  govern  their  contractions.  2.  Vaso-motor  fibres. 
These  are  not  logically  separable  from  other  motor  fibres; 
but  they  arc  distributed  to  tlie  muscles  of  the  blood-vessels, 
and  by  governing  the  blood-supply  of  various  parts,  indirectly 
produce  such  secondary  results  as  entirely  overshadow  their 
primary  effect  as  merely  producing  muscular  contractions. 
3.  Secretorif  fibres.  These  are  distributed  to  the  cells  of  the 
Body  which  form  various  liquids  used  in  it,  as  the  saliva  and 
the  giistric  juice,  and  nrflunfl  thnni  to  aqtivity  The  salivary 
glands,  for  instance,  may  be  made  to  form  saliva  by  stimulat- 
ing nerves  going  to  them,  and  the  same  is  true  of  the  cells 
which  form  the  sweat  j)oured  out  upon  the  surface  of  the 
Body.  4.  Trophic  nerve-fibres.  Under  this  head  are  included 
nerve-fibres  which  have  been  supposed  to  govern  the  nutri- 
tion of  the  various  tissues,  and  so  to  control  their  healthy 
life.  It  has  been  doubted  if  any  such  nerve- fibres  exist  as  a 
distinct  chiss,  and  no  doubt  many  of  the  facts  which  have  been 
cited  to  prove  their  existence  are  otherwise  explicable.  For 
instance,  shingles  is  a  disease  characterized  by  an  eruption  on 
the  skin  along  the  line  of  certain  nerves,  oitenest  those  which 
run  between  the  ribs;  but  it  may  be  dependent  upon  disease 
of  tlie  vaso-niotor  nerves  which  control  the  blood-supply  of 
the  part.  In  other  cases  diseases  ascribed  to  injury  of  trophic 
nerves  have  been  shown  to  be  due  to  injury  of  tbo  eonoory 
nerves  of  the  part,  Avliich  having  lost  its  feeling,  is  ^gpeecd  to 
iwjunes  from  which  it  would  otherwise  have  been  protected. 
There  are,  however,  cases  which  seem  to  indicate  a  direct  nu- 
tritive influence  of  the  nervous  system  on  the  tissues;  as  for 
example  the  acute  bedsores  seen  in  some  diseased  states  of  the 
spinal  cord  and  leading  to  extensive  destruction  of  the  skin  in 
a  very  few  hours;  and  there  is  direct  experimental  evidence 
to  show  that  stimulation  of  the  branches  of  the  pneumogastric 
nerve  going  to  the  heart  tends  to  restore  that  organ  when  ex- 
hausted, while  stimulation  of  the  sympathetic  branches  has  a 
precisely  opposite  effect  (see  Chapter  XVIII).  There  is  also 
no  doubt  that  each  nerve  fibre  depends  for  the  maintenance 
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of  iU  nntrition  on  a  nerve-cell  since,  if  divided  ia  its  course, 
the  part  separated  froiii  tlie  cell  I'apidly  degeDcrutes*  It 
might  also  lie  urged  that  secretory  uerves  are  trophic  nerves 
iu  the  true  eense  of  tlie  word,  since  when  excited  tliey 
cause  tlie  secretory  cells  to  live  in  u  special  way,  and  produce 
substances  which  when  enacted  upon  by  their  nerves  they 
du  not  form.  But  if  we  call  seefe4*>r¥  _  nerves  U-ophio  we 
must  iuclude  also  under  thai  name  all  other  eflerent  iicrve:^; 
the  nutritive  processes  going  on  iu  a  mOiscular  librc  when  at 
work  are  dilTerent  from  tinme  in  the  same  tibre  when  at  rest, 
and  the  same  is  true  of  all  otlier  cell^  the  activity  of  which  is 
governed  l>y  nerve-fibres,  5.  Ptripiivraiiff-aviuit;  Inhibitory 
fierrejff  sucli  as  tiiose  winch  slow  or  stop  the  beat  of  the  heart. 
Intercentral  Nerve-Fibres.  These,  which  tiu  not  convey 
impulses  between  i>cripheral  parln  and  nerve-centres,  but 
connect  one  centre  with  another,  furui  a  tiual  i^roup  in  addi- 
tion to  efferent  and  atferent  nerve- tibres.  Many  of  them 
cannect  the  sporadic  and  sympathetic  ganglia  with  one  an- 
other and  with  the  cerebro-spinal  centre,  while  others  place 
different  jmrts  of  dm  latter  in  direct  com muuication:  as  for 
instance  different  parts  of  the  spinal  cord,  the  brain  and  the 
spinal  cord,  and  the  two  halves  of  the  brain.  The  paths  taken 
I  by  some  of  these  commisjiHraJ  fibres  will  be  stated  in  connec- 
tion with  the  physiology  of  the  brain  and  spinal  cord. 

General  Table.  We  may  physiologically  classify  ner\^e- 
fibres  afi  in  the  following  tabular  form,  which  is  founded  upon 
the  facts  above  stated. 


Kerve-fibres,  i 


Peripheral. 


Affereut. 


Efferent. 


Intenjentral.      \  ?*<='''"«■ 
(  Inlnbitory. 


!  Sinsory, 

E  Ail  i  to- motor. 
Inhibitory, 

[  Motor, 
I  Vaso-motor 
\  St^cretory. 
I  Tnjpbic. 
[  Inhibitory, 


The  Electrical  Fheoomena  of  Nerves.     Under  certain 
conditions  electrical  currents  can  be  led  off  from  living  nerve- 
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trunks  and  studied  by  aid  of  a  galvanometer:  in  all  respects 
these  currents  correspond  to  those  of  muscle,  except  that  tl^ej 
are  feebler.  A  jwrfectly  fresh  uninjured  nerve  at  rest  is 
isolectric,  and  so  is  a  completely  dead  nerve.  A  dying  por- 
tion of  a  nerve  is  negative  to  a  more  normal  portion,  and  in 
consequence,  if  electrodes  be  placed,  one  on  the  centre  and 
the  otlier  on  the  cut  end  of  a  freshly-removed  portion  of  nerve, 
a  current  will  be  found  passing  through  the  connecting  wire 
from  the  central  ]K)rtion  of  the  piece  of  nerve  towards  the 
peripheral.  A  region  of  nerve  in  activity,  that  is  transmit- 
ting a  nervous  impulse,  is  electro-negative  to  a  region  at  rest, 
other  things  beiiig  equal;  accordingly,  an  act  ion-current-  or 
negative  variation  can  be  demonstrated  on  nerves  as  on  mus- 
cles; tlie  electrical  change  starting  from  the  point  of  stimu- 
lation and  travelling  along  the  trunk,  to  be  found  at  a  distant 
part  at  a  time  when  it  has  gone  from  the  place  of  its  first  ap- 
pearance. 'J'he  account  of  the  similar  phenomena  in  muscle 
(Chap.  X)  may  he  consulted  for  a  fuller  statement. 

The  Stimuli  of  Nerve-Pibres.  Nerve-fibres,  like  mus- 
cular fibres,  j)()ssess  no  antonuiticity;  acted  upon  by  certain 
external  forces  or  sfiinuti  they  ])ropagate  a  change,  which  is 
known  as  a  nervous  imfmlse,  from  the  point  acted  upon  to 
their  ends;  but  they  do  not  generate  nervous  impulses  when 
left  entirely  to  tliemselves.  Normally,  in  the  living  Body 
the  stimulus  acts  on  a  nerve-fibre  at  one  of  its  ends,  being 
either  some  ciiange  in  a  nerve-centre  with  which  the  fibre  is 
connectfd  (I'fTerent  nerves)  or  some  change  in  an  organ  at- 
taelied  to  tiie  outer  end  of  the  nerve  (afferent  fibres).  Ex- 
periment shows,  liowever,  that  a  nerve  can  be  stimulated  in 
any  part  ot  its  course;  that  it  is  irritable  all  through  its  ex- 
tent. If,  for  exani})le,  the  sciatic  of  a  frog  be  exposed  in  the 
thigh  and  divided,  it  will  be  found  that  electric  shocks  ap- 
plied at  the  })oint  of  division  to  the  outer  half  of  the  nerve 
stimulate  the  motor  fibres  in  it,  and  cause  the  muscular  fibres 
of  the  leg  to  contract:  and  similarly  sucli  shocks  applied  to 
the  cut  end  of  tiie  central  half  irritate  the  afferent  fibres  in 
it,  as  shown  by  the  signs  of  feeling  exhibited  by  the  animal. 
In  ourselves,  too,  we  often  liave  the  opportunity  of  observing 
that  the  sensory  fibres  can  be  stimulated  in  their  course  at 
some  distance  from  their  ends.  A  blow  at  the  back  of  the 
elbow,  at  the  point  commonly  known  as  the  "funny  bone  "or 
the  "  crazy  bone,"  compresses  the  ulnar  nerve  there  against  the 
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subjacent  bane,  aotl  in  addition  to  irritating  the  nerves  of 
the  skin  at  the  point  striiek,  starts  nervous  impulses  which 
make  themselves  known  by  severe  tingling  pain  referred  to 
the  little  and  ring  fingers  to  which  the  nlnar  nerve  is  dis- 
tributed. This  shows  not  only  thai  the  nerve-fihres  can  he 
irritated  in  their  conrse  as  well  as  at  their  ends,  bnt  also  that 
aeiisatious  do  not  directly  tell  us  where  a  nerve-flbre  has  been 
ited.  No  njatter  where  in  its  course  an  inipnlse  causing 
eeosation  has  been  started,  we  irresistibly  refer  its  origin  to 
lh«  jveriplieral  end  of  the  atfercnt  nerve-iibro  affected. 

Greneral  and  Special  Nerve-stimuli.  Certain  external 
forces  excite  all  nerve-tibres.  and  in  any  part  of  tlieir  course. 
These  are  known  us  (/eueraf  nerrfi'Sfimuli  ;  others  aet  oTily 
on  the  end-organs  of  nerve-lihres,  and  often  only  on  one  kind 
of  end-organ,  and  hence  cannot  i>e  matle  to  excite  all  nerves: 
these  latter  are  commonly  kn^wvn  as  special  9terre-Hftmuii\ 
In  reality  they  are  not  properly  nerve-siimuH  at  ali;  but 
only  things  whicli  8(^  atfeet  ihe  irritable  tissues  attached  to 
the  euds  of  certain  nerve-fibres  as  to  make  these  tissues  in 
turn  i*xcite  the  nerves.  For  exainple,  light  itself  will  not 
stimulate  any  nerve,  not  even  tht'  optic:  but  in  the  eye  it 
effects  changes  (perhaps  of  a  chemical  nature)  by  which 
nerve-stimuli  are  produced  and  these  stimulate  the  optic 
uerve-fibres.  The  ends  of  the  nerves  in  the  skin  are  not 
accessible  to  light  nor  are  t!ie  proper  emi  organs  on  which 
the  light  acts  present  there,  so  light  does  not  lead  to  the  pro- 
duction of  nervous  impulses  in  them:  but  the  optic  nerve 
without  its  peculiar  end-organs  would  he  just  as  insensible 
to  light  as  tliese  are.  Similarly  the  aerial  vibrations  which 
affect  us  as  sounds  do  not  stimulate  directly  the  fibres  of  the 
auditory  nerve.  They  act  on  terminal  organs  in  the  ear.  and 
these  then  stimulate  the  fibres  of  the  nerve  of  hearing,  just 
as  they  would  any  other  nerve  wliicli  happened  to  lie  con- 
nected  with  them. 

General  Nerve  Stimuli.  TlTose  known  are  :  (1)  Electric 
current 9.  An  electric  sfiock  passed  through  any  part  of  any 
nerve-flbre  powerfully  excites  it.  A  steady  current  passing 
tbrongh  a  nerve  does  not  stimuhite  it,  hut  any  sudden 
change  in  this,  whether  an  increase  or  a  decrease,  does.  A 
very  gradual  change  in  the  amount  of  electricity  passing 
through  a  nerve  in  a  unit  of  time  does  not  stinuilate  it. 
(2)  Mechanical  stimuli.     Any  sudden  pressure  or  traction,  aa 
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a  blow  or  a  pull,  will  stimulate  a  nerve-fibre.  On  the  other 
hand  steady  pressure,  or  pressure  very  slowly  increased  from 
a  minimum,  will  not  excite  the  nerve.  (3)  Thennal  stimttli. 
Any  sudden  heating  or  cooling  of  a  nerve,  as  for  Instance 
bringing  a  hot  wire  close  to  it,  will  stimulate;  slow  changea 
of  temperature  will  not.  (4)  Chemical  stimuli.  Many  sub- 
stances which  chemically  alter  the  nerve-fibre  stimulate 
before  killing  it;  thus  dipping  the  cut  end  of  a  nerve  into 
a  strong  solution  of  common  salt  will  excite  it;  very  slow 
chemical  change  in  a  nerve  fails  to  stimulate. 

In  the  case  of  all  these  general  stimuli  it  will  be  seen  that 
as  one  condition  of  their  efficacy  they  must  act  with  con- 
siderable suddenness.  On  the  other  hand  too  transient  in- 
fluences have  no  effect.  An  electric  shock  sent  for  only 
0.00 1. ")  of  a  second  through  a  nerve  does  not  stimulate  it:  ap- 
parently the  inertia  of  the  nerve  molecules  is  too  great  to  be 
overcome  by  so  brief  an  action.  So,  also,  strong  sulphuric 
acid  and  some  other  liquids  kill  nerves  immediately,  altering 
them  so  rapidly  that  they  die  before  being  stimulated. 

Special  Nerve-stimiili.  These  as  already  explained  act 
only  on  particular  nerves,  not  because  one  nerve  is  essen- 
tially different  from  another,  but  because  their  influence  is 
excited  through  special  end-organs  which  are  attached  to  some 
nerves.  These  stimuli  are:  (I)  Changes  occurring  in  central 
organs,  of  whose  nature  we  know  next  to  nothing,  but  which 
excite  the  efferent  nerve-fibres  connected  with  them.  The 
remaining  special  stimuli  act  on  afferent  fibres  through  the 
sense-organs.  They  are:  (2)  Light,  which  by  the  interven- 
tion of  organs  in  the  eye  excites  the  optic  nerve.  (3)  Sound, 
which  by  the  intervention  of  organs  in  the  ear  excites  the 
auditory  nerve.  (4)  Heat,  which  through  end-organs  in 
the  skin  is  able,  by  very  slight  changes,  to  excite  certain 
nerve-fibres:  such  slight  changes  of  temperature  being 
erticient  as  would  be  quite  incapable  of  acting  as  general 
nerve-stimuli  without  the  proper  end-organs.  (5)  Chemical 
airencies,  which  when  extremely  feeble  and  incapable  of 
acting  as  general  stimuli  can  act  as  special  stimuli  through 
special  end-organs  in  the  mouth  and  nose  (as  in  taste  and 
smell)  and  probably  in  other  parts  of  the  alimentary  tract, 
where  very  feeble  acids  and  alkalies  seem  able  to  excite  cer- 
tain nerves,  and  reflexly  through  them  excite  movements  or 
render  active  the  cells  concerned  in  making  the  digestive 
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rlir|uit.]^.  (6)  Mechanical  stiiimli  when  so  feeble^  jis  to  be  ineffi- 
cient uA  getierul  stimuH.  Pressure  on  the  skin  of  the  fore- 
head or  of  the  hack  of  the  haiui,  equal  to  M02  gram  {,03  grain) 
can  be  felt  through  the  end-organs  of  the  sensory  fibres  there, 

►  bat  would  he  quite  incapable  of  acting  as  a  general  Btiniulue 
if  applied  directly  to  the  ncrve-fiijrc. 

It  will  be  noticed  as  regards  the  i^pccial  stiuiiili  of  atterent 
iierTes  that  many  of  them  are  merely  less  degrees  of  general 
stimuli  ;  the  end-organs  in  skin,  mouth,  and  nose  are  in  fact 
excited  by  the  same  things  as  nerve-iibres,  but  they  are  far 
more  irritable.  In  the  ease  of  the  higher  senses,  seeing  aud 
hearing,  however,  the  end-organs  seem  to  differ  entirely  in 
liroj*erty  from  nerve-tibrea,  being  excited  by  sonorous  and 
Inminous  vibrations  which,  so  far  as  we  know,  will  in  no 
degree  of  intensity  directly  excite  nerve-Iibres.     To  construct 

lati  end-organ  capable  of  recognizing  very  slight  pressures  we 
may  imagine  tbat  all  thai  would  be  needed  would  be  to  expose 
directly  a  very  delicate  end-branch  of  the  axis  cylinder  ;  and 
tJiis  seems  in  fact  to  be  the  case  in  the  nerves  of  the  transpar- 
ent exposed  part  of  the  eyeball,  if  not  in  some  other  parts  of 
the  external  integument  of  the  Body.  But  as  axis  cylinders 
lire  quite  unirritable  by  light  or  sound  a  mere  exposure  of 
them  won  Id  be  useless  in  the  eye  or  ear;  and  in  each  case  we 
find  accordingly  a  very  complex  apparatus  developed,  whose 
function  it  is  to  convert  rnodei?  of  motion  which  do  not 
excite  nerves  into  others  which  do.  We  might  compare 
this  apparatus  to  a  fi>se  with  a  detonating  cap  attached  ;  the 
stimulus  of  a  blow  from  a  hammer  which  would  not  itself 
ignite  the  fuse*  acticg  on  the  detonating  miiterial  {repre- 
senting an  *'  end-organ  ")  causes  it  to  give  off  a  spark,  and 
this  in  turn  ignites^  tlie  fuse  which  answers  to  the  nerve-tibre* 
Specific  Nerve-energies.  We  have  already  seen  that  a 
nervous  impulse  propagated  along  a  nerve-fibr*^  will  give  rise 
Indifferent  results  according  as  different  nerve-fibres  are 
concerned.  Travelling  along  one  fibre  it  will  arouse  a  sensa- 
tion, along  another  a  movement,  along  a  third  a  secretion.  In 
addition  we  may  observe  readily  that  these  different  results 
may  be  produced  by  the  same  jihysical  force  when  it  acts 
upon  different  nerves.  Radiant  energy,  for  example,  falling 
into  the  eye  causes  n  sensation  of  sight,  bnt  falling  upon  the 
skin  one  of  heat,  if  any.  The  different  results  which  follow 
the  stimulation  of  different  nerves  do  not  then  depend  upon 
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differences  in  the  physical  forces  exciting  them.  This  is 
still  further  shown  by  the  fact  that  different  physical  forces 
acting' upon  the  same  nerve  arouse  the  same  kind  of  sensa- 
tion. Light  reaching  the  eye  causes  a  sight  sensation,  but  if 
the  optic  nerve  be  irritated  by  a  blow  on  the  eyeball  a  sensa- 
tion of  light  is  felt  just  as  if  actual  light  had  stimulated  the 
nerve-ends;  and  :i  similar  result  follows  if  an  electric  shock  be 
sent  through  the  eyeball  and  optic  nerve.  Different  nerves 
excited  by  the  same  stimulus  produce  different  results,  and 
the  same  nerve  excited  by  different  stimuli  gives  the  same 
result.     How  are  these  facts  to  be  explained  ? 

The  first  explanation  which  suggests  itself  is  that  the 
various  nerves  differ  in  their  proj)erties  :  that  electricity  ap- 
plied to  a  motor  nerve  causes  a  muscle  to  contract,  and 
to  the  optic  nerve  a  visual  sensation,  and  to  the  lingual 
nerve  a  sensation  of  taste,  because  nervous  impulses  in 
the  motor,  optic,  and  lingual  nerves  differ  from  one  an- 
other. This  was  the  view  held  by  the  older  physiologists; 
and  that  supposed  peculiarity  of  a  muscular  nerve  by  which 
its  irritation  caused  a  muscular  contraction,  and  that  of 
of  the  optic  nerve  in  consequence  of  which  its  excitation 
caused  a  sensation  of  sight,  and  so  on,  they  called  the  specific 
enerffji  of  the  nerve.  Seeing  further  that  when  a  pure  motor 
nerve  was  cut  and  its  poriplieral  stump  pinched  the  muscles 
connected  with  it  contracted,  but  that  when  its  central  end 
was  pinched  no  sensation  or  other  recognizable  change  fol- 
lowed, while  exactly  the  reverse  was  true  of  a  sensory  nerve* 
they  believed  that  afferent  nerves  differed  essentially  from 
efferent  nerves,  iniismuch  as  the  latter  could  only  propagate 
impulses  centrifugally  and  the  former  only  cen  tripe  tally. 
Now,  however,  we  have  much  reason  to  believe  that  this  view 
is  wrong,  and  that  all  nerve-fibres,  though  perhaps  exhibiting 
some  minor  differences,  are  essentially  alike  in  their  physio- 
logical properties,  and  can  carry  nervous  impulses  either  way. 
The  differcTices  observed  depend  in  fact  not  on  any  differ- 
ences in  the  nerve-fibres,  but  on  the  different  parts  connected 
with  their  ends;  that  is  to  say,  on  the  different  terminal 
organs  excited  by  the  im}>ulses  conveyed  by  the  fibre.  A 
motor  fibre  is  one  which  has  at  its  peripheral  end  a  muscular 
fibre,  and  a  centrifugally  travelling  impnlse  reaching  this  will 
cause  it  to  contract:  but  the  cells  connected  with  its  central 
end  are  not  of  such  a  nature  as  to  give  rise  to  sensations 
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when  centripetally  ti*a veiling  impulses  reach  thenij,  or  to 
transmit  these  to  other  efferent  tibres  and  so  cause  reflex 
tnoveraeiits;  and  therefore  when  a  motor  fibre  is  ssfciTnulated 
in  the  middle  of  its  course  the  oiitward-goinfj  impulse  causes 
«  movement,  while  the  centrally  travelling  impulse,  starting 
dit  the  same  time,  jpves  no  direct  eign  of  its  existence.  Simi- 
larly for  a  sensory  nerve  such  as  the  ulnar,  already  referred 
to:  if  it  be  stirauhited  at  the  elbow  the  centrally  travelling 
impulde  will  cause  a  sens^atioti  of  pain  by  exciting  the  brain- 
centre  connected  with  it,  but  the  outward  travelling  impulse 
not  reaching  muscular  fibres  or  other  parts  which  it  cun 
arouse  tu  activity,  remains  concealed  from  our  notice.  In 
other  words,  the  so-called  speeilic  energy  of  a  nerve-fibre  de- 
pends upon  the  terminal  organs  on  which  it  can  act,  and  not 
on  a n y  j >ec n  1  i ar i  ty  o f  1 1 1 e  n e r v e -fi  b r e  i t sel  f , 

Proofs  that  all  Nerve-Fibrea  are  Physiologically  Alike. 
(I)  The  most  marked  difference  between  nerve-tibres  is  obvi- 
oasly  that  between  elTercnl  nud  afferent,  and  the  microscope 
fails  entirely  to  show  any  differences  betw^een  the  two.  Some 
motor  and  some  sensory  tibres  may  be  bigger  or  less  than 
others,  some  may  be  white  and  others  may  be  gray;  but  such 
differences  are  secondary,  and  have  no  direct  relation  to  the 
function  of  a  fibre  as  afferent  or  efferent.  We  can  recognize 
no  constant  difference  in  structure  between  the  two.  (2) 
The  physical  properties  and  chemical  composition  of  motoi* 
and  sensory  nerves  agree  in  all  known  points,  (3)  When  a 
nerve,  say  a  motor  one,  is  stimulated  half-way  between  the 
<'eTitre  and  a  muscle,  a  nfrrnn.H  iwpiilst\  as  we  call  it,  is 
propagated  to  the  muscle,  wliich  impulse  starts  at  the  point 
stimulated  and  travels  at  a  definite  rate  to  the  muscle,  the 
€;oa traction  of  which  latter  gives  proof  of  its  arrival,  Now 
starting  at  the  same  moment  from  the  same  point,  and 
travelling  at  the  same  rate,  is  that  change  in  the  elec- 
trical condition  of  the  nerve  whicii  can  be  detected  by  a 
galvanometer,  the  so-called  uegailm  varmiion  or  action  cur- 
rent. When  a  nerve  is  excited  from  its  end-organ,  as  for 
example  the  optic  nerve  by  light  falling  into  the  eyeball, 
or  a  motor  nerve  by  a  stimulus  nrising  in  a  centre,  an  action 
current  exactly  like  that  observed  with  artificial  stimulation 
travels  along  it.  Since  this  negative  variation  alwaye  accom- 
panies a  nervous  impulse,  ajfjiearing  when  it  appears  and  dis- 
appearing when  it  disappears,  we  conclude  that  it  is  a  change 
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in  the  electrical  properties  of  the  nerve  dependent  on  that 
internal  movement  of  its  molecules  which  constitutes  a  ner- 
vous impulse.  It  is  an  externally  recognizable  physical  sign, 
and  the  only  known  one,  of  the  existence  of  the  nervous  im- 
pulse while  it  is  travelling  along  the  fibre.  If  the  muscle  were 
cut  away  from  the  end  of  the  nerve  we  could  still  detect  that 
a  nervous  impulse  had  travelled  from  the  point  of  stimulation 
to  that  where  the  fibres  were  divided,  by  tracking  the  nega- 
tive variation.  If,  while  stimulating  a  motor  nervQ  half-way 
in  its  course,  we  examine  galvanometrically  the  portion  lying 
central  to  the  stimulated  point  wo  find  a  well-marked  centripe- 
tally  travelling  action  current ;  it  starts  at  the  same  moment  as 
the  efferent  negative  variation  and  travels  in  the  same  manner, 
but  the  nervous  impulse  of  which  it  is  a  sign  produces  no  more 
effect  than  the  efferent  impulse  would  after  the  muscle  had  been 
cut  away;  for  it  does  not  reach  any  muscular  fibre,  or  sen- 
sory or  reflex  centre,  which  it  can  arouse  to  activity.  Hence 
it  is  clear  that  the  motor  nerve  can  conduct  impulses  equally 
well  in  either  direction;  and  similar  experiment  proves  the 
same  thing  for  pure  sensory  nerves. 

AVhile,  however,  by  chemical  or  electrical  stimulation  of 
a  motor  or  a  secretory  nerve  we  can  get  a  muscular  con- 
traction or  a  secretion  apparently  quite  identical  with  that 
produced  by  natural  stimulation,  we  cannot  make  the  same 
assertion  with  regard  to  afferent  nerves.  It  is  possible  by 
gentle  stimulation  of  a  cutaneous  afferent  nerve  through  its 
end-organs  in  the  skin  to  excite  the  centres,  so  that  they  in 
turn  give  rise  to  definitely  combined  reflex  muscular  con- 
tractions, producing,  even  in  the  absence  of  all  consciousness, 
an  useful  movement.  But  if  the  skin  be  removed  and  the 
outer  end  of  its  afferent  nerve  stimulated  directly,  though 
the  centres  can  be  thus  excited  and  caused  to  send  out  im- 
pulses to  muscles,  the  movements  which  result  are  random 
kicks  and  jerks,  very  different  from  the  definite,  orderly 
movements  which  follow  suitable  stimulation  through  the 
skin.  And  as  regards  certain  nerves  of  special  sense  some- 
thing similar  seems  to  be  true.  It  has  indeed  been  stated 
that  mechanical  injury  of  the  optic  nerve,  as  by  cutting  it 
during  a  surgical  operation,  causes  a  sensation  of  light  in 
patients  not  anaesthized,  but  this  has  been  denied;  and 
though  one  positive  observation  counts  for  more  in  such  a 
case  than   many  negative,  we   must  take  into  account  the 
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'  fact  that  iu  no  other  sense-organ  has  tlie  direct  stitnulution 
of  the  proper  iierve-trunk  in  any  other  way  tlian  through 
the  sense-organ  at  its  outer  end,  been  proved  to  give  rise 
lo  tnie  sensatioDs  of  speciiil  seuse.  8 tim illation  of  tlie  nerves 
exposed  in  a  wound  does  not  cause  a  true  touch  sensation, 
but  a  feeling  of  pain;  and  Bimilarly  irritation  of  the  trunks 
of  the  nerves  of  taste  by  diseased  conditions  does  not  seem  to 
ever  cause  true  taste  sensations  unless  tlie  end-organs  in  the 
mouth  be  also  excited.  Even  if  it  turn  out  to  be  true  that 
a  nerve  of  special  sense  is  only  capable  of  giving  rise  to 
feelings  belonging  to  the  spliere  t)f  that  sense  when  ex- 
cited through  its  proper  end -organs,  that  does  not  prove 
that  its  nerve-fibres  have  any  unique  faculty  distinguishing 
them  in  property  from  other  nerve-fibres.  It  only  means 
that  the  brain  organ,  the  central  nerve -cell  mechanism,  to  be 
excited  by  the  nerve  is  highly  complex,  and  only  reifjwnds 
with  the  proper  pensatiun  when  stimulated  in  proper  strength 
and  proper  riiythm,  and  the  sense  organs  accomplisfi  this. 
Even  the  most  delicate  artificial  stimulation  that  we  can 
apply  to  a  naked  nerve-trunk  is  undoubtedly  a  crude  and 
grofis  thing  compared  with  the  stimuli  arising  in  the  retina 
when  light  enters  the  eye,  or  in  certain  skin  nerve  cnd« 
organs  when  moderate  heat  falls  on  them.  If  wc  merely 
wish  to  get  a  noise  out  of  a  piano  it  does  not  matter  how 

,  we  strike  it,  if  we  strike  hard  enough  ;  and  a  muscular  criii- 
traction  or  an  irregular  set  of  muscular  contractions  excited 
by  direct  stimulation  of  a  nerve- trunk  may  be  compared  to 
fioch  a  noise.  If  we  wish  for  a  definite  musical  chord  we 
mnst  strike  thrmigh  the  keyboard  in  a  definite  way;  and  the 
orderly  combined  muscular  movements  and  the  special  sensa- 
tion«  which  follow^  stimuladon  through  the  proper  sense- 
organs  may  be  compared  to  such  chords.  In  onr  bodies  the 
keyboards  are  different  in  eye,  ear,  and  skin,  and  adapted  to 
be  set  in  action  by  different  external  physical  agencies,  and 
the  strings  in  connection  with  each  keyboard  are  different 
and  give  different  results;  hut  the  connecting  apparatus,  the 
nerve-fibre,  lying  between  the  keys  in  the  sense-organs  and 
the  strings  respectively  responding  to  them  in  the  centres, 
is  essentially  the  same  in  all  cases. 

To  put  the  case  more  definitely:  Light  outside  the  eye 
exists  a«  ethereal  vibrations,  sound  outside  the  ear  as  vibra- 
tions of  the  air  (commonly).     Each  kind  of  vibration  acts  on 
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a  particular  eud-organ  in  eye  or  ear  which  is  adapted  to  be 
acted  upon  by  it,  and  in  turn  these  end-organs  excite  the 
optic  and  auditory  nerve-fibres;   these  in  consequence  trans- 
mit  impulses,  which   reaching  different  parts  of  the  brain 
excite  them :  the  excitement  of  one  of  these  brain-centres  is 
associated  with  sonorous  and  of  the  other  with  visual  sensa- 
tions.    The  nervous  impulse  in  the  two  cases  is  quite  alike, 
at  least  as  to  quality  (though  it  may  differ  in  quantity  and 
rhythm)  and  the  resulting  difference  in  quality  of  the  sensa- 
tions cannot  depend  on  it.     The  quality  differences  in  these 
cases  must  be  ])roducts  of  the  central  nervous  system.     If  we 
had  a  set  of  copper  wires  we   might  by  sending  precisely 
similar  electric  currents  through  them  produce  very  different 
results  if  different  things   were  interposed   in   their  course. 
In  one  case  the  current  might  be  sent  through  water  and 
decompose  it,  doing  chemical  work;  in  another,  through  the 
coil   of  an  electro-magnet  and  raise  a  weight;  in  a  third, 
through  a  thin  platinum  wire  and  develop  light  and  heat; 
and  so  on,  the  result  depending  on  the  terminal  organs,  as  we 
may  call  them,  of  each   wire.     Or,  on  the  other  hand,  we 
might  generate  the  current  in  each  wire  differently,  in  one 
oy  a  Diinioirs  cell,  in  a  second  by  a  thermo-electric  machine, 
Iti  a  third  l>y  the  rotation  of  a  magnet  inside  a  coil,  but  the 
currents  in  tlie  wires  would  be  essentially  the  same,  as  the 
nervous  impulses  are  in  a  nerve-fibre.     No  matter  how  they 
have    been     started,   provided    their    amount  is    the   same, 
whether  they  shall  produce  similar  or  dissimilar  results,  de- 
pends only  on  whether  they  are  connected  with  similar  or 
dissimilar  end-organs. 

To  sum  uj):  Afferent  and  efferent  nerve-fibres  differ  in  no 
fundamental  physiological  property;  they  are  simple  trans- 
mitters, everywhere  alike  in  faculty.  We  may  extend  this 
ijtatement  to  the  subdivisions  of  each  kind,  and  say  that 
motor,  vasomotor  and  secretory  efferent  fibres,  and  tactile, 
rtuditory  and  visual  afferent  fibres  are  in  all  essentials  like  one 
another;  and  that  a  nervous  impulse  is  alike  in  every  nerve, 
varying  it  may  be  in  intensity  and  in  the  rate  at  which 
others  succeed  it,  in  different  cases,  but  the  same  in  kind. 
Just  as  all  muscles  are  alike  in  general  physiological  proper- 
ties, and  differ  in  special  function  according  to  the  parts  on 
which  they  act,  so  are  all  nerve-fibres  alike  in  general  physio- 
logical properties,  and  differ  in  special  function  only  because 
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they  are  atta^ihed  to  special  tljii)^8.  The  Bpecial  physiology 
of  various  nerves  will  hereafter  be  considered  in  eoniiection 
with  the  working  of  varions  mechanisTns  in  the  Body. 

The  Nature  of  a  Kervous  Impulse.  Siriee  between 
aense-organs  and  sensory  centroi^,  and  these  latter  and  the 
inusclea,  nervous  iinpolses  are  the  only  means  of  conuiiuni- 
cstion^  it  is  through  them  that  we  arrive  at  our  opinitms  con- 
cerning the  external  universe  and  through  them  that  we  are 
«ble  to  act  upon  it;  their  ultimate  nature  is  therefore  a 
matter  of  great  interest,  but  one  about  which  we  unfortu- 
nately know  very  little.  We  cannot  well  imagine  it  any- 
thing but  a  mode  of  motion  of  the  molecules  of  the  uerve- 
fbres,  but  beyond  this  hypotheais  we  cannot  go  far.  In 
many  points  the  phenomena  presented  by  nerve-Ubrea  as 
transmitters  of  disturbances  arc  like  the  phenomena  of  wires 
as  transmitters  of  electricity,  and  when  the  phenomena  of  cur- 
rent electricity  w^ere  first  observed  there  was  a  great  ten- 
dency, explaining  one  unknown  by  another,  to  consider  ner- 
'  vous  impulses  merely  as  electrical  currents.  The  increase  of 
our  knowledge  concerning  both  nerves  and  electric  currents, 
however,  has  made  such  an  Iiypothesis  almost,  if  not  quite, 
untenable.  In  the  first  place  nerve-fibres  arc  extremely  bad 
conductors  of  electricity — so  bad  that  it  is  impossible  to  sup- 
pose them  used  in  the  Body  for  that  purpose;  and  iu  the 
second  place,  merely  phytJ-ical  continuity  of  a  nerve-fibre, 
such  as  would  not  interfere  with  the  passage  of  an  electric 
carrent,  will  not  suflice  for  the  transmission  of  a  nervous  im- 
pulse. For  instance  if  a  damp  string  be  tied  around  a  nerve, 
or  if  it  be  cut  and  its  two  moist  ends  placed  in  contact,  no 
nervous  impulse  will  be  transmitted  across  the  constricted  or 
divided  point  although  an  electrical  current  would  pass 
readily.  An  electrical  shock  may  be  used  like  many  other 
stimuli  to  upset  the  equilibrium  of  the  nerve-molccules  and 
Btart  a  nervous  impulse,  which  then  travels  along  the  fibre, 
but  is  just  as  Llifferent  from  the  stimulus  exciting  it  as  a 
muscular  contraction  is  from  the  stimulus  which  calls  it 
forth. 

Careful  study  of  the  action-current  gives,  perhaps,  some 
information  regarding  the  nature  of  nen^ous  impulses*  That 
local  negativity  which  causes  the  current  begins  at  the  stimu- 
lated point  of  a  nerve  at  the  same  time  as  the  nervous  impulse 
mud  travels  along  the  nerve  at  the  same  rate.     Hence  we  con- 
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elude  that  the  new  internal  molecular  arrangement  in  a  nerve- 
fibre  which  constitutes  its  active  as  compared  with  its  resting 
state,  is  one  which  changes  also  the  electrical  properties  of  the 
fibre.  Now  it  is  found  that  the  negative  variation  travels  along 
the  nerve  (in  the  frog)  at  the  rate  of  28  metres  (92.00  feet)  in 
a  second,  and  takes  .0007  second  to  pass  by  a  given  point  : 
accordingly  at  any  one  moment  it  extends  over  about  18  mm. 
(0.720  inch)  of  the  nerve-fibre.  Moreover,  when  first  reach- 
ing a  point  it  is  very  feeble,  then  rises  to  a  maximum,  and 
gradually  fades  away  again.  Taking  it  as  an  indication  of 
what  is  going  on  in  the  nerve,  we  may  assume  that  the  nerv- 
ous impulse  is  a  progressive  molecular  change  of  a  wavelike 
character,  rising  from  a  minimum  to  a  maximum,  then  grad- 
ually ceasing,  and  about  18  millimetres  in  wave-length. 

A  nervous  impulse  does  not  appear  to  exhaust  a  fibre  when 
transmitted  along  it.  As  a  ray  of  light  traversing  the  ether 
sets  up  a  transient  change  in  it  but  does  not  in  any  way  use  it 
up  or  leave  it  less  fit  to  transmit  a  succeeding  ray,  so  it  is 
with  the  nervous  impulse  in  its  transmission.  It  is  true  that  ' 
when  a  motor  nerve  attached  to  a  muscle  is  continuously 
stimulated  the  muscular  contractions  cease  after  a  certain 
time,  though  the  muscle  still  responds  to  electrical  stimula- 
tion directly  applied,  and  it  has  been  argued  that  we  thus  get 
evidence  of  the  exhaustion  of  the  nerve;  but  it  must  be 
borne  in  mind  that  an  electrical  shock  directly  applied  is  un- 
doubtedly a  much  more  powerful  stimulus  to  the  muscle  than 
any  nervous  impulse,  and  the  muscle  may  have  been  so 
fatigued  by  its  previous  work  as  to  have  become  irresj>on8ive 
to  stimulation  through  its  nerve,  though  still  reacting  to  the 
grosser  excitation.  And  we  have  direct  evidence  that  stimu- 
lation of  a  nerve  may  be  continued  for  a  very  long  time  with 
out  causing  loss  of  activity.  As  an  instance,  we  may  take  the 
nerve  already  mentioned  which  stops  the  beat  of  the  heart: 
when  it  is  stimulated  continuously  for  a  few  seconds  the  heart 
breaks  beyond  its  control  and  begins  to  beat  again,  though  the 
stimulation  of  the  nerve  be  kept  up.  This,  however,  is  due  to 
fatigue  of  the  endings  of  the  nerve  in  the  heart,  and  not  of 
the  nerve  fibres,  as  may  be  proved  in  this  way:  the  nerve 
(pneu mo-gastric)  being  carefully  exposed  in  the  neck  is  arti- 
ficially cooled  in  one  region  to  below  the  temperature  at 
which  it  can  conduct  a  nervous  imjmlse;  it  is  then  stimu- 
lated at  a  point  nearer  the  head  than  the  cooled  portion :  the 
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resulting  iiupsilses  being  blot'ked  on  their  way  to  tiie  heart  it 
goes  on  beating  regularly.  After  Btiinuliition  of  tlie  nerve 
liais  been  continued  for  several  minuteB  the  cooled  tract  of  the 
nerve  13  allowed  to  warm  again  until  it  becomes  capable  uf 
transmitting  a  nervon«  impulse;  then  tlie  heart-beat  is  fouiul 
lo  be  promptly  stopped  or  slowed.  This  shows  that  if  the 
cardiac  endings  of  the  nerve  be  protected  frotn  fatigue,  pro- 
longed stimulation  of  the  nerve-trunk  doet?  not  interfere  with 
ltd  Imictioiial  eapaeity:  the  stimulation  still  starts  nervous 
impulses  in  it,  which  as  soon  as  they  can  pass  un  produce  tlteir 
normal  effect  on  the  heart.  When  long-continued  sensations 
become  dulled  the  explanation  is  no  doubt  similars  it  is  the 
end-organs,  central  or  peripheral,  or  both,  which  are  ex- 
hausted, not  the  nerve-tibres  themselves.  It  has,  however, 
been  observed  that  when  artificial  stimulation  is  lojjg  applied 
to  on©  point  on  a  nerve-tnink  tliat  point  sometimea  becomes 
nnexci table,  though  the  nerve  in  general  is  still  quite  func- 
tional and  acta  perfectly  when  the  point  of  application  of  the 
gtimnlus  is  shifted  a  little:  this  is  especially  the  case  with 
gray  nerve-fibres  and  white  fibres  having  a  thin  medullary 
sheath. 

The  very  sparse  blooil-supply  of  nerve-trunks  is  in  great 
contrast  to  the  rich  supply  of  those  parts  of  the  nervous  system 
containing  nerve-celln  and  to  the  abundant  supply  of  muscles, 
and  is  ati  evidence  timt  tlie  chemical  changes  taking  place  in 
them  during  both  rest  and  activity  are  but  smalb  Seeing 
that  functional  activity  leads  to  little  or  no  using  up  of  the 
conductive  stibstunce  of  a  nerve-fibre  any  more  than  the 
transmission  of  a  galvanic  current  uses  up  a  coj>per  wire,  the 
term  irritable  is  not  properly  applicable  to  nerve* fibres.  Ir- 
ritability in  its  physiological  sense  we  have  defined  as  a  con- 
dition of  a  living  tissue  such  that  a  very  small  extraneous 
force  acting  on  it  may  cause  it  to  set  free  a  disproportionately 
large  amount  of  energy,  and  in  that  sense  muscle-fibres  atid 
nerve-Gells  are  truly  irritable,  and  they  both  use  up  their  ma- 
terial when  at  work  and  arc  subject  to  eihaustion,  Nerve- 
tibres  are  excitable  and  eondui'tii*e,  but  not  really  irritable, 
though  on  account  of  their  great  excitability  they  are  very 
generally  sj>oken  of  as  irritable. 

The  Bate  of  TransmissioEi  of  a  NerYous  Impiilse. 
This  can  be  measured  in  several  ways.  One  of  the  simidest 
is  a  modification  of  tiie    simple  nerve-muscle  experiment  il- 
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lustrated  in  Fig.  62.  The  muscle  M  is  dissected  out  with  its 
motor  nerve  attached,  and  the  stimulus  applied  to  the  nerve 
and  not  directly  to  the  muscle.  First  the  stimulus  is  given 
to  the  nerve  close  to  the  muscle :  it  is  then  found  that  the 
period  of  latent  excitation,  as  shown  by  the  greater  length  of 
tUy  is  a  very  little  longer  than  when  the  muscle  is  directly 
stimulated.  Next  the  stimulus  is  applied  to  the  nerve,  say  two 
inches  from  the  muscle,  and  it  is  found  that  tu  is  consider- 
ably longer,  the  increase  in  its  length  being  due  to  the  time 
taken  by  tlie  nervous  impulse  in  travelling  along  two  inches 
of  nerve.  As  we  know  the  rate  of  movement  of  the  surface 
Sy  we  can  readily  calculate  the  amount  of  the  time  increase. 
The  rate  of  travel  of  the  nervous  impulse  as  thus  ascertained 
is  almost  incomparably  slower  than  that  of  an  electric  cur- 
rent, being  28  metres  (92.00  feet)  per  V\  In  the  motor  nerves 
of  warm-blooded  animals  the  rate  of  transmission  is  somewhat 
faster.  Considerable  difficulties  are  met  with  in  making  cor- 
responding measurements  on  afferent  nerves,  and  the  rates 
obtained  by  different  observers  differ  widely:  probably  the 
impulse  travels  at  about  the  same  speed  as  in  the  motor  nerves 
of  the  same  animal. 

Functions  of  the  Spinal  Nerve-Roots.  The  great  ma- 
jority of  the  larger  iiorve-trnnks  of  the  Body  contain  both 
afferent  and  efferent  norvo-fibros.  If  one  be  exposed  in  its 
course  and  divided  in  a  living  animal,  it  will  be  found  that 
irritating  its  perii)heral  stump  causes  muscular  contractions, 
and  pinching  its  central  stump  causes  signs  of  sensation, 
showing  that  the  trunk  contained  both  motor  and  sensory 
fibres.  If  the  trunk  be  followed  away  from  the  centre,  as 
it  breaks  up  into  smaller  and  smaller  branches,  it  will  be 
found  that  the&e  too  are  mixed  until  very  near  their  endings, 
where  the  very  finest  terminal  branches  close  to  the  end- 
organs,  whether  muscular  fibres,  secretory  cells,  or  sensory 
apparatuses,  are  only  afferent  or  efferent.  If  the  nerve- 
trunk  be  one  that  arises  from  the  spinal  cord  and  be  ex- 
amined progressively  back  to  its  origin,  it  will  still  be  found 
mixed,  up  to  the  point  where  its  fibres  separate  to  enter 
either  a  ventral  or  a  dorsal  nerve-root.  Each  of  these  latter, 
however,  is  pure,  all  the  efferent  fibres  leaving  the  cord  by 
the  ventral  or  anterior  roots,  and  all  the  afferent  entering  it  by 
the  posterior  or  dorsal.  This  of  course  could  not  be  learned 
from  examination  of  the  dead  nerves,  since  the  best  micro- 
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scope  fails  to  distingiiisli  an  afferent  from  tm  oiferent  fibre, 
but  is  readily  proved  by  ii  simple  experimeut.  If  uii  anterior 
root  be  cut  and  its  outer  end  stimuhttetl,  the  muscles  of  the 
parts  to  which  the  trunk  which  it  helps  to  form  is  distributed 
will  be  made  to  eonlract,  and  the  skin  will  be  made  to  sweat 
also  if  the  root  happen  to  be  one  that  contains  secretory 
fibred  for  the  sweat»ghinds»  On  the  other  hand,  if  the  cen- 
tral end  of  the  root  (that  part  of  it  attached  to  the  cordi  be 
stimulated  no  result  will  follow,  showing  that  the  mitt  con- 
tains  no  sensory,  reflex,  or  exeito-motor  fibres.  With  the 
pogterior  roots  the  reverse  is  the  case:  if  une  of  tlieni  be 
diYided  anil  its  outer  end  stimulated,  no  observed  result  fol- 
lows, showing  the  ub^eoce  of  all  efferent  fibres;  but  stimula- 
tion of  its  central  end  will  lanse  either  signs  of  feeling,  or 
reflex  actions,  or  both.  We  might  compare  a  spinal  iierve- 
tmnk  to  a  rope  matle  up  of  green  and  reil  threatis  with  at 
one  end  all  the  green  threads  colleeted  into  one  skein  and 
the  red  into  another,  which  would  represent  the  roots.  At 
ltd  farthest  end  we  may  suppose  the  rope  divided  into  finer 
eords,  each  of  these  containing  both  red  and  green  threads* 
down  to  the  very  finest  branches  consisting  of  onl}^  a  few 
threads,  and  those  all  of  one  kind,  either  red  or  green,  one 
representing  efferent,  the  other  afferent,  fibres. 

Tlie  Cranial  Nerves.  Most  of  these  are  mixed  also,  but 
with  one  exception  (the  fifth  pair,  the  small  root  of  which  is 
efferent  and  the  large  gangliated  one  afferent)  they  do  not 
present  distinct  motor  and  sensory  roots,  like  those  of  the 
Bpinal  nerves.  At  their  origin  from  the  brain  most  of  them 
are  purelyafferent  or  purely  efferent,  and  the  mixed  cbaracter 
which  their  trunks  exhibit  is  due  to  cross-branches  with 
neighboring  nerves,  in  which  afferent  and  efferent  fibres  are 
interchanged.  The  olfactory,  otftic.  and  auditory  nerves  re- 
main, however,  purely  atTeront  in  all  their  course,  and  others, 
though  not  quite  pure,  contain  mainly  etlerent  fibres  (as  the 
facial f  or  mainly  afferent  (as  the  glosso-pharyugcal). 

The  Iiiteroommuiii<mtion  of  Nerve-Centres.  From  the 
anatomical  arrangement  of  the  nervous  system  it  is  clear  that 
it  forms  one  continuous  whole.  No  subdivision  of  it  is 
isolated  from  the  rest,  but  nerve-trunks  proceeding  from  the 
centres  in  one  direction  bind  them  to  various  tissues  and, 
proceeding  in  another,  to  other  nerveH^entres,  which  in  turn 
are  united  with  other  tissues  and  other  centres,     Since  the 
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physiological  character  of  a  nerve-fibre  is  its  condiTctivity — 
its  power  of  prnpagivting  a  digtiirhaiice  when  once  its  mo- 
lecular equilibriutn  has  been  uj>8et  at  an?  one  iwint^it  is 
obvious  that  through  the  ner\*ou8  system  any  one  part  of  the 
Body,  supplied  with  nerves?,  may  react  on  all  other  {>arta 
(with  the  exception  of  such  as  hairs  aitd  nails  and  cartilages, 
which  are  not  known  to  possess  nerves)  and  excite  changes  in 
them.  Pre-eminently  the  nervous  system  forms  a  nniting 
rtuntornitnd  aiul  phyeitilogical  bond  tli rough  the  agency  of 
wliich  unity  nud  order  are  prodiifcd  in  the  activities  of  differ- 
ent and  distant  parts.  We  may  compare  it  to  the  Western 
Union  lVlr^ra|du  the  head  utlice  of  which  in  New  York 
woulii  rt>prei*etU  the  brain  and  spinal  cord,  the  more  impor- 
tant r'entral  ortices  in  otlier  large  cities  the  sympatlietic 
gantrJiii,  arul  the  minor  ollicesin  country  stations  the  sporadic 
gHnffliii;  while  the  telegraph-wires,  directly  or  indirectly 
uniting  all^  would  correspond  to  the  nerve-trunks.  Just  aa 
information  started  along  some  outlying  wire  nniy  be  trans- 
mitted to  a  central  office,  and  from  it  to  others,  and  then, 
according  to  what  happens  to  it  in  the  centre,  be  stopped 
there*  or  spread  in  all  directions,  or  in  one  or  two  only,  so 
may  a  Tiervous  disturbance  reaching  a  centre  by  one  nerve- 
trunk  merely  excite  changes  in  it  or  be  radiated  from  it 
through  other  trunks  more  or  less  widely  over  the  Body  and 
arouse  various  activities  in  its  other  component  tissues.  In 
cnmuKiri  life  the  very  frequency  of  this  uniting  activity  of  the 
nervous  system  is  such  that  we  are  apt  to  entirely  overlook 
it.  We  do  not  wonder  how  the  sight  of  pleasant  food  will 
make  the  mouth  w*ater  and  the  hand  reach  out  for  it;  it 
seems,  as  we  say,  **  natural/'  and  to  need  no  explanation. 
But  the  eye  itself  can  excite  no  desire,  cause  the  secretion  of 
no  saliva,  and  the  movement  of  no  limb.  The  whole  com- 
plex  result  depends  on  the  fact  that  the  eye  is  united  by  the 
optic  nerve  witii  the  brain,  and  that  again  by  other  nerves 
with  saliva-forming  cells,  and  with  mnscuhir  fibres  of  the 
arm;  and  through  these  a  change  excited  by  light  falling 
into  the  eye  is  enabled  to  produce  changes  in  far-removed 
organs,  ami  excite  de*;ire,  secretion,  and  movement  In  cases 
of  disease  this  action  exerted  at  a  distance  is  more  apt  to  ex- 
cite our  attention:  vomiting  is  a  '^ery  common  symptom  of 
certain  brain  diseases,  and  most  people  know  that  a  disordered 
stomach  will  produce  a  headache;  while  the  pain  consequent 


QSifMRAL  PHYSIO  LOG  Y  OF  TUB  NERVOUS  SYSTEM.    209 


upon  the  hii>4i8eaae  of  children  is  usually  fett,  not  at  the  hip- 
joint,  bnt  at  the  kuee. 

The  Degeneration  of  Nerve-Fibres  separated  from  their 
Centre.  A  ucrve-tibre  niuy  iu  its  course  he  courieoted  with 
more  than  one  nerve-cell,  but  one  cell  always  has  a  special 
iufluenc€  iu  inaintaining  its  normal  structurt^  and  fiiiictioual 
activity*  If  cut  oil  froui  this  cell  the  separated  portion 
undergoes  degenerative  changes,  ejisily  recognized  in  niedul- 
lated  fibres  by  a  breaking  up  and,  later,  a  disappearance  of 
the  medullary  sheath.  If,  for  example,  the  sciatic  uerve  of 
a  warm-blooded  itninial  be  couijdelely  cut  across,  nil  of  tlie 
nerve  and  its  branches  beyond  tlie  point  of  section  will  show 
marked  cbangee  in  three  days  or  less:  the  medullary  sheath 
separates  into  small  cuboidal  pieces,  these  in  a  day  or  two 
more  round  off  at  their  corners  and  then  are  gradually  ah* 
sorbed,  so  that  at  the  erul  of  ten  days  ora  fortuight  they  have 
entirely  disapi>eared.  Meantime  the  nnulei  of  the  internodes 
niultiply  and  the  usually  sparse  protoplasm  around  tljem  in- 
creases, and  encroacijes  upon  and  causes  the  ahsor]>tion  of  the 
«]ci8  cylinder,  so  that  after  some  weeks  little  or  no  trace  of 
tnie  nervous  elements  can  be  found.  Some  three  or  four  days 
after  making  the  section  the  peripheral  portion  of  the  nerve 
cesies  to  be  excitable.  If  the  part  of  the  nerve  above  the  sec- 
lion  be  examined,  its  fibres  will  be  found  to  have  undergone 
no  degeneration  except  close  to  the  place  of  section^  and  it  re- 
mains excitable;  pinching  it  causes  pain,  and  if  any  muscle 
branch  arising  from  it  be  irritated,  the  muscles  contract.  If 
instead  of  cutting  a  whole  mixed  nerve-trunkj  such  as  the  sci- 
atic,  we  divide  only  a  ventral  spinal  root  {aa  5,  c,  Fig.  71),  it  is 
found  that  all  the  fibres  in  that  part  of  the  root  which  is  cut 
off  from  tlie  spinal  cord  degenerate  and  become  nn irritable, 
and  degenerated  fibres  can  be  found  in  the  mixed  trunk  into 
which  the  cnt  root  is  continued;  while  the  tibres  of  the  part 
of  the  root  still  attached  to  the  cord  do  not  degenerate. 
The  nutritional  integrity  of  the  anterior  root^fibres  depends 
therefore  on  anatomical  continuity  with  the  spinal  cord,  and 
probably  with  cells  there,  of  the  type  shown  in  Fig.  81,  On 
the  other  hand,  if  the  dorsal  root  only  he  cut  across,  the  por- 
tion of  it  attached  to  tlie  cord  degenerates,  while  that  still 
connected  to  the  spinal  ganglion  and  the  fibres  beyond  the 
ganglion  remain  unaltered:  the  nutritive  centres  for  the  dor- 
sal root-fibres  are  the  cells  of  the  corresponding  root-ganglion. 
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After  complete  section  of  the  nerve-trunk  supplying  a 
region  of  the  Body  that  region  is  for  a  time  paralyzed,  but 
feeling  and  the  power  of  movement  may  return  to  it.  It 
used  to  be  thought  that  in  such  cases  the  divided  nerve-fibres 
grew  together  again.  Such  is  not  the  case:  all  those  parts  of 
the  fibres  which  have  been  cut  off  from  their  centres  com- 
pletely disappear,  and  when  function  is  restored  it  is  by  the 
formation  of  new  nerve- fibres  around  outgrowths  from  the 
cut  ends  of  those  parts  of  the  fibres  still  united  to  their  cen- 
tres, whether  these  be  in  brain,  spinal  cord,  spinal  ganglia,  or 
elsewhere. 

Nerves,  as  we  have  seen,  often  give  fibres  to  one  another 
by  means  of  uniting  branches,  as  in  various  plexuses  and 
elsewhere;  and  when  a  nerve-branch  may  contain  fibres  de- 
rived from  some  one  of  two  or  more  original  trunks  which 
have  communicating  branches,  it  is  often  of  importance  to 
determine  in  which  original  trunk  its  fibres  left  the  brain  or 
spinal  cord.  In  such  cases  the  determination  may  often  be 
made  by  dividing  one  of  the  possible  sources  of  origin  and 
after  a  few  days  examining  the  branch  for  degenerated 
fibres,  which  are  easily  recognized  by  the  microscope.  If 
such  arc  found,  then  they  left  the  centre  in  the  divided  trunk; 
if  not,  the  branch  gets  no  fibres  from  that  trunk.  This 
method  of  tracking  tlie  nerve-fibres  of  a  given  original  trunk 
to  their  final  distribution  in  one  or  more  of  many  possible 
branches  is  known  as  the  Wallerian  method.  Instances  of 
its  application  will  be  given  in  later  chapters. 
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General  Statement.  During  life  tlic  blood  is  kept  flow- 
ing with  ^n-efit  rapid  it  j  tliroiigli  ull  parts  of  lijti  Body  (except 
the  few  ooii-vuiacuhir  tissues  ulready  mentioned)  in  definite 
paths  prescribed  for  it  by  the  heart  and  bhx>d -vessels, 
^j^  These  patlis,  whicJi  under  normal  cireum- 

Btances  it  never  leaver,  constitute  a  con- 
tiijuous  set  of  eIo«ed  tubes  (Fig,  87) 
bogiuning  at  and  ending  again  in  the 
heart,  and  simple  only  close  to  that  organ. 
Elsewhere  it  is  greatly  branched,  the  uiost 
numerous  and  tinest  branches  (/  and  a) 
beiug  the  capiUfin'es.  The  heart  is  essen- 
tially a  bag  with  muscular  walls,  internally 
divided  into  four  chambers  {c?,  g,  e,/). 
Those  at  one  end  (d  and  e)  receive  blood 
from  vessels  opening  iido  them  and  known 
as  the  veifh^.  From  there  tlie  blood  passes 
on  to  the  remaining  chambers  (ff  and/) 
which  have  very  powerful  walls  and,  for- 
cibly contracting,  drive  tlie  blood  out  into 
vessels  {m  and  ^>)  which  communicate  with 
them  and  are  known  as  the  arteries.  The 
big  arteries  divide  iiito  smaller;  these  into  smaller  again 
(Fig.  ^^)  until  the  brandies  become  too  snuill  to  be  traced  by 
the  unaided  eye,  and  these  smallest  branches  end  in  the 
capillaries,  through  wliich  the  blood  flows  and  enters  the 
commencements  of  the  veitts  ;  and  these  convey  it  again  to 
the  heart.  At  certain  points  in  the  course  of  the  blood-paths 
▼aWefl  are  placed,  which  prevent  a  back-flow.  This  alternat- 
ing reception  of  blood  at  one  end  by  the  heart  and  its  ejec- 
tion from  the  other  go  on  during  life  steadily  about  seventy 
times  in  a  minute^  and  so  keep  the  liquid  constantly  in 
motion. 
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The  vascular  system  is  comitletely  cjoscd  except  at    twoj 
poiota  ill  tlie  iieek  where  1y(ij])1i- vessels  open  into  the  vetus;' 
there  some  lytiiph  is  |K)ured  in  ancT  mixed  directly  with  the 
blood.    Accordingly  everything  which  leaves  the  blood  must 
do  80  by  oozing  tlirough  tlie  widls  uf  the  blood-vessels,  and 
everything  which  enters  it  must  do  the  same,  except  matterS'. 
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Fm  W.— The  art^rti'iR  of  the  band,  Rlmwlni^  the  commiinf  cat  ions  or  i 
of  dlfTtfrt^nt  artfrie*!  Ami  Ihi^  tim?  terniSnal  twips  jg\vtm  off  from  The  larper  tnink«; 
tlH»Mf  twiffK  ernl  ill  \\w  capJlliiHeH  wbU'h  viotilil  only  l>cpoin*«  visible?  If  niaii;iiifi^.  /t, 
till*  rwiiiW  f%rivi"if  on  wlilcli  tbt*  piilt***  ii*  usiiaJly  fell  at  Uie  wrist ;  L',  the  ulnar  ap» 
tery. 

conveyed  in  by  the  lymph  at  the  points  above  mentioned. 
This  internhunge  tbroiitt-h  the  walls?  of  the  vessels  takes  place 
only  in  tlie  capillaries,  which  form  a  sort  of  irrigation  system 
all  through  the  Boily.  The  heart,  arteries,  and  veins  are  all 
merely  arrangements  for  keeping  the  capillaries  full  and 
renewing  the  blood  within  thorn.  It  is  in  the  capillaries 
alone  that  the  blood  does  its  phvsiologieal  work. 
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The  Position  of  the  Heart.  The  beiirt  (//,  Fig.  1)  lies 
in  the  chest  immei] lately  above  the  diaphragm  and  opposite 
the  lower  two  thirds  of  the  breast-bone.  It  is  coDieal  in 
form  with  its  bthse  or  broader  end  turned  npwards  and  pro- 
jecting a  little  on  the  right  of  the  sternum,  wliile  its  narrow 
end  or  apex,  turned  downwardp^  projectB  to  the  left  of  that 
bone,  where  it  may  be  felt  beating  between  the  cartilages  of 
the  tifth  and  sixth  ribs.  The  position  of  tlie  organ  in  the 
Uody  is  therefore  obliqne  with  referenee  to  its  long  axis.  It 
does  not,  however^  lie  on  the  left  side  as  is  so  eommonly  snp- 
posed  bnt  very  nearly  in  the  middle  line,  with  the  upper  part 
inclined  to  the  riglit,  and  the  b>vier  (wliicli  may  be  more 
easily  felt  beatitig— hence  the  conrmon  belief)  to  tlie  left. 

The  Membranes  of  the  Heart.  The  heart  does  not  lie 
bare  in  the  chest  hut  is  surrounded  by  a  loose  bag  com  posed 
of  connective  tissue  and  called  the  periairdiuni  This  bag, 
like  the  hearty  is  conical  but  turned  the  other  way,  its  broad 
part  being  lowest  and  attached  to  the  upper  surface  of  the 
diaphragm.  Internally  it  is  lined  by  a  smooth  serous  mem- 
hrane  like  that  lining  the  abdominal  cavity^  and  a  similar 
layer  (the  visceral  In (fer  oi  the  pericardium)  covers  the  out- 
side of  the  heart  itself,  adhering  closely  to  it.  Each  of  the 
3erou8  layers  is  covered  by  a  stratum  of  flat  cells,  and  in  the 
irpace  between  them  is  found  a  small  quantity  of  liquid 
which  moistens  the  contiguous  surfaces,  and  diminishes  the 
friction  which  would  otherwise  occur  during  the  movements 
of  the  heart. 

Internally  the  heart  is  also  lined  by  a  fibrous  membrane, 
covered  with  a  single  layer  of  flat  tuned  cells,  and  called  the 
endocardium.  Between  the  endt*cardinm  and  the  visceral 
layer  of  the  pericardium  the  bulk  of  tlie  wall  of  the  heart 
lies  and  is  made  up  mairdy  of  striped  muscular  tissue  (m^ocar* 
diunt)  differing  from  that  of  tlie  skeletal  muscles;  but  con- 
nective tissues,  blood-vessels,  nerve-cells,  and  nerve-fibres  are 
ako  abnndant  in  it. 

Xote, — Sometimes  the  pericardium  becomes  inflamed,  this 
affection  being  known  as  pericarditis.  It  is  extremely  apt  to 
occur  in  acute  rheumatism,  and  great  care  should  be  taken 
never,  even  for  a  moment,  excejit  under  medical  advice,  to 
expose  a  patient  to  cold  during  that  disease,  since  any  chill 
is  then  especially  apt  to  set  u[»  pericarditis.  In  the  earlier 
stages   of  pericardiac  inflammation  the  rubbing  snrfaces  on 
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the  outside  af  the  heart  and  the  inside  of  the  pericardium 
become  roughened,  and  their  friction  produces  ii  eoiiiid 
which  ciin  be  recognized  through  the  stethoscope.  In  Inter 
stages  great  quantities  of  liquid  may  accumulrite  in  the  peri- 
card  in  m  so  as  to  seriously  impede  tiie  heart's  heat. 

The  Cavities  of  the  Heart,     On  o|>cning  the  heart  (see 
diagram   Fig.  89)  it  is  found  to  he  subdivided  by  a  longi^ 
CM        k      I*  tndinal    partition    or   sep- 

tum into  completely  sepa- 
rated right  and  left  halves, 
the  partition  running  from 
about  the  middle  of  the 
biiso  to  a  point  a  little  on 
tlie  right  of  the  apex. 
Eacli  of  the  chambers  on 
the  sides  of  tlie  septum  is 
again  incompletely  divided 
transversely,  into  a  thinner 
s^ctirtn  ^^*'^^  portion  into  which 
veins  open,  known  as  tlie 
auricle f  and  a  thicker  apical  portion  from  winch  arteries 
arise,  called  the  venirtcle.  The  heart  tluis  consists  of  a  right 
auricle  and  ventricle  and  a  left  auricle  and  ventricle,  each 
auricle  communieating  by  an  anncnh-veniricniar  orijice 
with  the  ventricle  on  its  own  side,  and  there  is  no  direct 
communication  whatever  through  the  septum  between  the 
op]>osite  sides  of  the  heart.  To  get  from  one  side  to  the 
otiier  the  l)lood  must  leave  the  heart  ami  jmss  through  a  set 
cif  capillarie!?,  as  may  readily  be  seen  by  tracing  the  course  of 
the  vessels  in  Fig.  87. 

The  Heart  as  aeeo  from  its  Exterior.  When  the  lieart 
is  viewed  from  tlie  side  turned  towards  the  sternum  {Fig.  00) 
the  two  auricles.  Aid  and  As,  are  seen  to  be  separated  by  a 
deep  groove  from  the  ventricles,  Vd  and  Vs,  A  more 
shallow  furrow  runs  between  the  ventricles  and  indicates  the 
position  of  the  interiml  longitudinal  septum,  (In  the  dorttal 
aspect  of  the  lieart  (Fig.  91)  stJuilar  furrows  nniy  be  noted, 
and  on  one  or  other  of  the  two  figures  the  great  vessels 
fq>ening  into  the  cavities  of  the  heart  may  be  seen.  The 
pnlmonarii  ftrferf/,  P,  arises  from  the  right  ventricle,  and 
very  soon  divides  into  the  riglit  and  leR_jr^u[mj>juy;:y  arteries, 
Pd  and  Fsj  which  break  up  into  smaller  branches  and  enter 
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the  corresponJiiig  ImigR.  Opening  into  the  right  auricle  are 
two  great  veins  (see  also  Fig,  89),  cs  and  c/,  known  re- 
qiectively  as  the  upper  an<l  knrer  renw/raviP^^r  "  hcdlow  '* 
veins;  80  called  b}/  the  older  iumtomiBts  beeawso  they  are 
frequently  found  "^^Bli^iy  ^^^'^^  1il?"^^J  }  ^"*^  ^^^  back  of  the 
right  auricle  opens  also  another  vein,  T^  called  tlie'coronari/ 


Ade      C»     5*1      ^ 


I 


anp  culored  rt*d;  tt)«  rifrht  blnck.  .4^^,  ri^ht  auriclf^;  Adx  and  .^jt.  the  riKlit  nrid 
k-rt  «urieuUr  appemilafevs:  Kd.  Hpcbt  vfiuricle;  r*,  Itjft  ¥entrft*I»-:  An.  aort«:  ^fc, 
innoTTimntf*  ai-ter]r;  Cm,  J#*ft  coiiimoD  oRroM*!  rtrt^^rv;  S*L  left  HulictaviRi)  art*ry; 
/'  f'k  of  llii»  |iiilmfm«ry  artery.  an<l  /Ai  and  /'»,  iU  branches  to  the  rijcbr 

II  -;  c*,  Hup^piinr  vtinacava;  Afir  «mJ  AH.  ch*^  ri(clit  and  lefl  fnnomtnaU* 

\»  >']  p«,  Dkf*  Ht;ht  and  left  pulmonary  vHn«i;  crti  and  crt,  the  Hgbt  and 

ii*ti  tMn»finry  arteri«H. 

iJttJtor  «t«?/.*,  which  brings  back  blood  that  had  circulated 
in  the  walls  of  the  heart  itself.  S(>ringing  from  the  left  ven- 
trirde,  and  appearing  from  bt^neath  the  pulmonary  artery 
wht^u  the  heart  is  looked  at  from  the  ventral  Hide,  h  a  great 
artery,  I  he  rtorfft^  An,  It  forms  an  arch  over  the  bjise  of  the 
hriirt  and  then  runs  down  behind  it  at  the  back  of  the  chest. 
From  the  convexity  of  the  arch  of  the  aorta  several  great 
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branches  are  given  off,  <S>i,  Cs,  Ah;  but  before  that,  close  to 
the  heart,  the  aorta  gives  off  two  coronary  arieries,  branches 
of  which  are  seen  at  rrd  and  rr/r  lying  in  the  groove  over  the 
partition  between  the  ventricles,  and  which  carry  to  the  sub- 
stance  of  the  organ  that  blood  which  comes  back  through  the 


ferfor  ▼©fm  cava;    IV,  coronary  vetn.     The  ■'vmainitifc  l«ti«r»  of  referpoc©  lisvc 
ilie  Minie  sifrninc&tloD  am  In  Fig.  HO. 

coronary  sinus.     Into  the  left  auricle  open  two  right  and  two 
Ifift  pulmmufrif  vnns^  ps  and  pd,  whif^h  are  formed  by  OiF' 
union  oranmUeFTemB  proceed iiisj  from  the  hinc^s. 

In  the  diagnim  Ficf.  S9  from  whirh  the  hranr-lies  of  the 
greiit  vessels  near  the  ht^urt  have  been  omitted  for  the  sake 
of  clearness,  the  connection  of  the  various  vessels  with  the 
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'0 


'ambers  of  the  heart  caw  he  better  seen.     Open  Id  g  into  the 

J  the  stiperior  an*]  inferior  vetiie  cavip  {ca  and 

proceeding  from  the  right  vt^titride  the  pnhHmartf 


Tigh 


^f/er*^^  A     Op^Tiing  into  the  left  uoriele  are  the  riglit  and 


kit 


pull 


(pd  and  yi.v)  and  sprinji^^ing  from  tiit*  left 


I 


monary  v 
»eotricle  the  aorta,  .1, 

'^^e  Interior  of  the  Heart.     Tiie  eunnnunicuiiun  of  each 

^ricle  with  its  ventricle  is  also  represented  in  the  diagram 

'8"-     89,  and  the  valves  which  are  present  at  those  points 

^^^     at  the  origin  of  tfie  pulrnrniMry  artery  and   that   of  tlie 

aort;^^     Internally  the  auricles  are  for  the  ino^it  part  srno4»th, 

Ut    ffym  each  a  hollow  pouch,  the  auriri(lar  appftidaf/e^  pro- 

J^*^!*^  over  the  biiae  of  the  correspond i ng  ven  t  ricle  a^  seen  at 

** ^»t  and  As  m  Figs.  90  and  DL     The.^c  pouches  have  8ome- 

*^^t  the  shape  of  aj^Q^'s  eur  and  have  givert  their  name  to 

^^  whole  aitricle.     Tlieir  interior  is  ronglieneil  by  ninscniar 

^^^^vjitions,  covered  by  endocanliiim,  known  m  the  tleshvj:uL. 

^*^ins  {eftlutHfi(Bj'atfi(fi),     On  the  inside  of  the  ventricles  (¥\g, 

-^  J  similar  fleshy  cohunns  are  very  prominent. 

Tlie  Auriculo-Ventricular  Valves,     IlicJip  su-e  known  as  (, 
^%/i/  fkiidje/t,  or  as  the  Irit'iispid  ami  miirdlvalre.s  respec-    ^ 
lively*     The  mitral  valve  (Fig.  92)  consietg^plX^ o Cans  of  the    * 
Endocardium  fixed  by  their  bases  to  the  margin  "or  tne  anric- 
\ilo-veutricular  aperture  and  with  tlieir  edges  hanging  down 
into  the  ventricle  when  the  heart  is  empty.    These  nnattaelied 
Iges  are  not  however  free,  but  have  fixed  to  tliern  a  number 
stout  coTjnective-tissue  cords,  the  vordtv  lead i new,  wliifh 
are  fixed  below  to  muscular  elevations,  the  papilhirif  muHcUuK, 
Jtpin  and  Mpf^  on  the  interior  of  tlie  ventricle.     'J*lie  cords 
long  enough  to  let  the  valve  flaps  rise  into  a  horizontal 
position  and  so  clo^c  the  opening  between  auricle  and  ven- 
tricle which   lies   between    them,  and  passes  up   behind   the 
ned  aorta,  Sp,  represented  in  tin}  figure.     The  iri€u»pid 
valve  is  like  the  mitral,  but  with  three  fiaps  instead  of  two. 
Semilnniff JlMvea.     These  are  ^ix  in  number:   three  at 
e  tuouth  of  the  aorhi.  Fig.  92,  and  fhrec%  cpiite  like  them, 
the  mouth  of  the   nulmonarv  ai:lcrv~  Each   is  a  strong 
erescentic  pouch  fixed  by  its  more  curved  border,  aud  with 
free  edge  turned  away  from  the  heart.     Wiien  the  valves 
in  action  these  free  edges  meet  across  the  vessel  and  pre- 
vent blood    from   fiowing   back   into  the  ventricle,     Jn   the 
middle  of  the  free  border  of  each  valve  is  a  little  cartilagi- 


.Us 


The  piiImoQary  artery  only  carries  blooil  to  the  lungs,  to  ii ri- 
der fjo  u  sell  arises  with  tli^*  air  in  them  after  it  has  circuhited 
throiitjh  the  Body  genenilly. 

After  niakiTig  its  iireh  the  iirprta  continues  back  through 
the  chest,  giving  off  rmmy  branches  on  its  way.     Piercing  the 
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^•siphnigin  it  enters  the  abrloraen  ami   after  supplyirtor  the 

I*artj*  in  Jtud  arouTid  that  cavity  with  bmnches,  it  ends  oppo- 

^'^«5  the  last  lumbar  vertebra  by  djvitlirjg  into  tlie  nt/hf  and 

5'^  mmfmn    iliac  arteries,  which  carry  blood   to   the  lower 

'•''^bs.     We  have  then  lo  corusidur  the  bniiicbes  of  tlie  arch  of 

1^^  aorta,  an r J  tboset  of  iht*  fiest*nfiinf/  tto riff   vthiah  hitter  is 

^^t"  i:onveiiience  described  hy  anutonrists  aa  cousistinsr  of  the 

^*^racic  aorta,  extending  from   the  end  of  the  arch  to  the 

^ijiphragni,  and    the   abdnvumd  tmrht^  extending  from   the 

^ijiphrugm  to  the  tiiial  snbdivii^iinj  of  the  vessel. 

Branches  of  the  Arch  of  the  Aorta,  From  tins  arise  first 
'^le  coronary  arteries  (tTtl  and  rr^,  Figs.  90  and  PI)  which 
Ipring  ekwie  to  the  heart,  jnst  above  two  of  the  ponrbes  of  the 
temilnnar  valve,  and  e^airy  blood  into  tlie  i^nltstanc^c  of  tbiit 
organ.  The  remaining  branches  of  the  arch  jire  three  in 
number,  and  all  arige  from  its  convexity.  'I'he  first  is  the 
uinofjiinaie  (friery  (Aft,  F\g.  90)^  wdiich  is  very  short,  imme- 
diately breaking  np  into  the  riql^JniMitt-ifm  trr/f^rff,  and  the 
rifi^lxofnmov  m  rot  id.  Tlien  conies  the  l([f/  commnu  vandid, 
Cm^  and  finally  the  left  snhclavian^  Ssi,  ~ 

Each  .*tfhf/ftrit/n  arterff  rnns  ont  to  the  arm  ori  its  own 
iside  and  after  giving  off  a  r*'rft'hriil  arierif  (which  runs  up 
the  neck  to  the  head  in  the  veruTjnil  canal  of  the  transverse 
processes  of  the  cervical  vertebra?),  crosses  the  arm -pit  and 
lakes  there  the  name  of  the  tt.rilfary  artery,  Tliis  contin- 
ues down  the  arm  as  the  hnfrhinl  artery^  which,  L^iving  off 
branches  on  its  way,  rnns  to  the  front  of  the  arm,  and  just 
below  the  elljow-joint  divides  into  the  radial  and  itinar  nr- 
trrifs^  the  lower  tna%  of  which  are  seen  at  R  and  U  in  Fig.  88, 
Tbe^e  enpply  the  forearm  and  end  in  the  hsmd  by  uniting  to 
form  an  arch,  from  which  branches  are  given  otT  to  the  fingers. 
The  common  carotid  arfrria  pass  out  of  the  chest  into  ifie 
neck,  along  which  they  ascend  on  the  ^iid^.^  t^f  \]u*  wj||dpipp. 
Opposite  the  angle  of  the  lower  jaw  each  divides  into  an 
internal  and  e.letttal  candid  nrtery,  right  or  left  as  the  case 
may  be.  The  external  ends  mainly  in  branches  for  the  facg, 
scalp,  and  salivary  ghmds,  one  great  snbdivision  of  it  with  a 
tort n on s  course,  tlTe  tctftjmrfd  atiery,  being  often  seen  in  tbin 
srK>ns  beating  on  the  side  of  the  tirow.  The  internal  carotid 
artery  enters  the  skull  through  an  aperture  in  itFTjase  and 
aiipplies  the  brain,  winch  it  will  be  remembered  also  gets 
Uood  through  lie  vertebral  arteries* 
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Branches  of  the  Thoraoio  Aorta.  These  are  uuinerous 
but  small.  Some,  the  intercostal  arteries,  run  out  between 
the  ribs  ami  supply  the  chest- walls;  others,  the  bronchial  ar- 
teries, carry  blood  to  the  lungs  for  their  nourislimelTrrthat 
carried  to  them  by  the  pulmonary  arteries  being  brought 
there  for  another  pur|K)se;  and  a  few  other  small  branches 
are  given  to  other  neighboring  parts. 

Branches  of  the  AMominal  Aorta.  1'hese  are  both  large 
and  numerous,  8uj)plying  not  only  the  wall  of  the  posterior 
part  of  the  trunk,  but  the  important  organs  in  the  abdominal 
cavity.  The  larger  are:  the  cwliac  a.ris  which  supplies  stom- 
ach, spleen,  liver,  and  pancreas;  the  superior  mesenteric 
arterji,  which  supplies  a  great  part  of  the  intestine;  the  renal 
arteries,  ont^  for  each  kidney;  and  finally  the  inferior  mes- 
enteric  artenj,  which  supplies  the  rest  of  the  intestine.  Be- 
sides these  the  abdominal  aorta  gives' off  very  many  smaller 
branches. 

Arteries  of  the  Lower  Limbs.  Each  common  iliac  di- 
vides into  an  internal  and  external  iliac  artery.  The  former 
mainly  ends  in  branches  to  parts  lying  in  the  pelvis^  but  the 
latter  passes  into  the  thighs  and  there  takes  the  name  of  the 
femoral  artery.  At  first  this  lies  on  the  ventral  aspect  of  tlie 
linif),  T)ut  lower  down  passes  to  the  back  of  the  femur,  and 
ai)()vo  the  knet^joint  (where  it  is  called  the  ponliteal  arten/) 
divides  into  the  aidj^riur  and  juisJjjjM^ibial  arteries,  which 
sup[)ly  the  leg  and  foot. 

The  Capillaries.  As  the  arteries  are  followed  from  the 
heart,  their  branches  become  smaller  and  smaller,  and  finally 
cannot  he  traced  without  the  aid  of  a  microsco}>e.  Ulti- 
mately they  pass  into  the  ca/n'llarics,  the  walls  of  which  are 
sim[»K*r  than  those  of  the  arteries,  and  which  form  very  close 
networks  in  nearly  all  parts  of  tlie  Hody ;  their  immense  num- 
ber compensatinjLT  for  their  smaller  size.  The  average  diame- 
ter of  a  cai»illary  vessel  is  .OIG  mm.  {^-^^^  inch)  so  that  only 
two  or  thrre  hlood-corpusdes  can  pass  through  it  abreast, 
and  in  many  parts  they  are  so  close  that  a  pin's  point  <!onld 
not  be  inserted  between  two  of  them.  It  is  while  flowing  in 
these  delicate  tubes  that  the  blood  does  its  nutritive  work,  the 
arteries  being  merely  supply-tubes  for  the  capillaries. 

The  Veins.  The  first  veins  arise  from  the  capillary  net- 
works in  various  organs,  and  like  the  last  arteries  are  very 
small.     They  soon  increase  in  size  by  union,  and  so  form 
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Jiarger  and  larger  trunks.     Tlie&e  in  many  places  lie  near  or 

I  alongside  the  main  artery  of  tlie  part,  but  there  are  many 

[more  large  veins  just  beneath  tlie  skin  tbait  tliere  are  IsLVge 

rtrtcries.     This  is  especially  the  case  in  the  limbs,  the  main 

veins  of  which  are  saperhcial,  and  can  in  many  persons  be 

seen  as  faint  blue  marks  throu2:li  the  skin.     Fig-  J>4  repre- 

8ent«  the  arm  at  the  front  of  tlie  el  bow -joint  after  the  skin 

and  Bubcutaneous  areolar  tissue  and  fat  have  been  removed. 


?/. 


'CN? 


i./M^ 


iO 


Fto.  Ml— A«mftll  fiortlon  f>f  tb*"  capfllarv  nf»twf>rk  a»  net^n  Jti  tht*  frojr's  w»«l:i.  wIihh 
mftimilkMl  About  25  (liAmetern.  a  a  Hmail  urt^ry  fe«HliiiK  Mir  eiipiJlarf«r«;  i\  i\  AiiiJiLl 
♦#*liis  (mrrjfnif  blood  twclc  from  tiw  latter. 

The  brachial  artery,  B,  colored  red,  is  seen  lying  tulerably 
deep,  and  accompanied  by  two  small  veins  (renw  comites) 
which  rommunicate  by  f*rot>s-braiiches.  The  threat  mediatt 
nerve,  1,  a  branch  of  the  briiehial  plexn;^  which  snppUeF 
Reveml  muscles  of  the  forearm  and  hand,  the  skin  over  h 
great  part  of  the  palm  and  iha  three  inner  fingers,  is  seen 
alongside  the  artery.     The  larger  veins  of  the  part  are  seen 


r 
i 


Fio.  ©J— The  superficial  veins  In  front  of  thf  elltow- joint,    B\  U*iiilun  <»f  bicep§ 
muscle;   Bi,  brachiati*  inteinu§  niii*K'li?;    t1.  pronutui    ttrtn  muftclt*;    1,  medially 
nerv**;  2,  3,  4,  rierve-brAnctii^s  lo  tlie  skin;  B,  brtichfiil  urtery,  with  iU  mniiy  &ccom-  \ 
panyjnj;  veins;  r^p,  c»>pKRlie  vnln:  bcur,  bitaiJJc  vein;  m\  rn^diaii  vein;  *,  juaciiiotl  of 
A  ileep-lylDi^  vein  with  ibe  cephalic. 

ff€pfmfic  vein,  just  above  tbe  poirU  where  it  crosses  the  median 
nerve,  that  surgeon b  usually  bleed  a  patient. 

A  great  pari  of  tlie  blood  of  the  lower  limb  is  brought  back| 
by  the  lung  saphenoiis  vein,  which  can  be  seen  in  thin  persons 
rauniug  from  the  inner  side  of  the  ankle  to  the  top  of  th« 
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thigh.  All  the  blood  whit^h  leaves  the  heart  by  the  aorta, 
except  that  flowing  tiiroiigli  the  coronary  arteries,  is  fiaally 
collected  into  the  superior  and  inferior  ven(P  caviw  (r.s  and  ri, 
Fig§-  90  and  91),  and  punred  into  tlie  right  auriule.  The 
jnffHlar  veins  which  run  down  tlie  neck,  carrying  back  the 
blood  which  went  out  along  the  carotid  arteries,  unite  below 
with  the  arm-vein  (sultdmdiJ ^0  to  form  on  each  side  an  in- 
mutiLUUtr  rein  {A  si  and  Ade,  Fig.  W)  and  the  in  nominates 
mute  to  form  the  "mjiirJA^r  flavn  Tlie  coronary-artery  bluod 
After  flowing  through  the  capillaries  of  the  heart  itself  also 
returns  to  this  auricle  1>y  the  coronary  vehis  and  sinus. 

The  Fulmonary  Circulation.  Througli  this  tlie  blood 
gets  back  lo  the  left  *iide  \d  the  heart  ar^l  so  into  the  aorta 
agaiD.  The  pulmonary  artery,  dividing  into  branches  for 
each  lung,  ends  in  the  capillaries  of  those  organs.  From 
these  it  is  collected  by  the  piilnionary  veins,  which  carry  it 
hack  to  the  left  auricle,  whence  it  passes  to  the  left  ventricle 
to  reeommence  its  flow  tli rough  the  Body  generally. 

Tho  Course  of  the  Blood,  From  what  has  been  said  it  is 
clear  that  the  movement  of  the  blood  It^  urirciilniion.  Start- 
ing from  any  one  chamber  of  the  heart  it  will  in  time  return 
to  it;  but  to  do  this  it  must  pass  through  at  least  two  sets  of 
capillaries:  one  of  these  is  eonnccted  with  the  aorta  and  the 
other  with  the  pulmonary  artery,  and  in  its  circuit  the  blood 
rftnms  to  the  heart  twice.  Leaving  the  loft  side  it  returns  to 
the  rights  and  leaving  the  right  it  relurns  to  the  left:  and 
there  is  no  road  for  it  from  one  side  of  the  heart  to  the  other 
except  through  a  capillary  network.  Moreover,  it  always 
leaves  from  a  ventricle  through  an  artery,  and  returns  to  an 
Mricle  through  a  vein. 

There  is  then  really  only  oT\e  circulation;  but  it  is  not  un- 
common to  speak  of  two,  the  flow  from  the  left  side  of  the 
t  to  the  right,  through  thu  FJody  generally,  being  called 
systemic  virrnlntinn^  and  from  the  right  to  the  left, 
through  the  lungs,  the  pnlmonurtj  tnrfmlutioii.  But  since 
^(ter  completing  either  of  tliese  alone  tlie  blood  is  not  back 
Hk  the  point  from  whicli  it  started,  but  is  separated  from  it  by 
the  septum  of  the  heart,  neither  is  a  ''circulation'*  in  the 
pro|ier  sense  of  the  word. 

The  Portal  Circulation.  A  certain  portion  of  the  blood 
which  leaves  the  left  ventricle  of  tlie  heart  through  the  aorta 

to  pass  through  three  sets  of  eap|{laries  before  it  can  again 
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return  there.  This  is  the  portion  which  goes  through  tlie 
stomach,  spleen^  pancreas,  and  intfistines.  After  traversing 
the  capillaries  of  those  organs  it  is  collected  into  the  ptf^M 
vdji  which  entetg/he  liver,  and  breaking  up  in  it  into  finer 
and  finer  branches  like  an  artery,  ends  in  the  capillaries  of 
that  organ,  forming  the  second  set  which  this  blood  p:isses 
through  on  its  course.  From  these  it  is  collected  by  the^e- 
}M\tk  mrnis,  which  pour  it  into  the  inferior  vena  cava,  which 
carries  it  to  the  right  auricle,  so  that 
it  has  still  to  pass  through  the  pulmo- 
nary capillaries  to  get  back  to  the  left 
side  of  the  heart.  The  portal  vein  is 
the  only  one  in  the  human  Body  which 
like  an  artery  feeds  a  capillary  net- 
work, and  the  flow  from  the  stomach 
and  intestines  through  the  liver  to  the 
vena  cava  is  often  spoken  of  as  the 
portal  circulation. 

Diagram  of  the  drculation.  Since 
the  two  halves  of  the  heart  are  actu- 
ally completely  separated  from  one 
another  by  an  impervious  partition, 
although  j)laced  in  proximity  in  the 
Body,  we  may  conveniently  represent 
the  course  of  the  blood  as  in  the  accom- 
Fio  05  Diajrram  of  the  pauving  diagram  (Fig.  95),  in. which 
hlrthaTr/'fcST  tZ:^  the  Vight  and  left  halves  of  the  lu^art 
lST'<;;lS!i::;ro;^hr;^i;t  are  represented  at  different  points  in 
wMolr^uv* repi^lnll*;!  '^^^a:  thc  vascular  systcm.  Such  an  arrange- 
rafM  in  thH  di/.^rMin.   ,a  ami  ^^^ut  makcs  it  clcar  that  the  heart  is 

rv,  njclit  auricl»?/in(l  ventrirle: 

la  nml  Iv,  left  aiiride  and  ven-    reallv  tWO  pumUS  WOrkillff  sidc  bv  sidc, 

iriole;  «o.  aorta;  »r,  systeniie  "  *^  .*^  t-i"! 

rapiiianvs:   rr.  venap  cavae;  each  engaged  lu  forciug  the  blood  to 

;>a.|mlmon.irv  artery;  pr,  pill-      ,  ,  o*.      ..•  t  i.i       i    t.. 

monary  capillaries;  ;u\  pui-  the  othcr.     Starting  froui  the  left  au- 

inonar>  veins.  riclc,    Ut,    \l\\(\    following    the    floW,    WO 

trace  it  tlirongh  the  left  ventricle  and  along  the  branches  of 
the  aorta  into  the  systemic  ca})illaries,  sc)  from  thence  it 
passes  back  through  the  systemic  veins,  vc,  Beaching  the 
right  auricle,  ra,  it  is  sent  into  the  right  ventricle,  rv,  and 
thence  through  the  pulmonary  artery,  pa,  to  the  lung  capilla- 
ries, pc,  from  which  the  pulmonary  veins,  pv,  carry  it  to  the 
left  auricle,  which  drives  it  into  the  left  ventricle,  Iv,  and  this 
asrain  into  the  aorta. 
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Arterial  and  Venous  Blood.  The  hlocKl  wlioii  flowing  in 
the  jiulmoiuiry  aipillMries  givrs  iiji  I'urboii  didxicle  to  tlic  air 
and  receives  oxygen  from  it;  nud  since  \is  coluriiig  matter 
ihasmogltibin;  funna  h  scurlct  coinpoiuul  with  oxygen,  it  flows 
la  the  left  auricle  throngh  the  ptjlnionary  veins  oJf  a  bright 
red  colon  This  color  it  njuintains  until  it  readies  the  s^sys- 
teniic  cjipilhiries,  but  in  tlietie  it  loses  ninch  oxygen  to  the 
surrountlingusfiiies  and  gtiins  much  carbon  dioxide  from  them. 
But  the  blood  eoloring-matter  which  has  lost  its  oxygen  has  a 
liark  [nirpie  color,  nnd  since  this  nnoxidized  or  **reilnced** 
ha?mogh>biii  is  now  in  excess,  the  blood  returns  to  the  lieart 
by  the  ven®  cava?  of  a  dnrk  purple-red  colon  This  hne  it 
keeps  until  it  reaches  the  lungs,  when  the  reduced  btemoglo- 
bin  becomes  again  oxidized.  The  bright  red  blood,  rich  in 
oxygen  uTul  poor  in  curbon  dioxide,  is  kTHJwn  as  *' arterial 
blood"  and  the  dark  red  m  *' venous  blood:"  and  it  must  be 
borne  in  mind  tinrt  the  terms  have  this  pecnliar  technical 
meaning,  and  that  tlie  pulmonary  rvins  contain  arterinl  blood, 
iind  the  pulmonary  f^r/f'r/Vx,  r/^z/r/^^v  blood:  the  eliange  from 
arterial  to  venous  taking  place  in  the  systemic  capillaries,  and 
from  venoiia  to  arterial  in  the  pulmonary  capillaries.  The 
chambers  of  the  heart  and  the  great  vessels  containing  arte- 
rial blood  are  shaded  red  in  Figs,  DO  juid  91. 

The  Structure  of  the  Arteries  A  large  artery  can  by 
careful  dissection  he  separated  into  three  coats:  an  intcrual^ 
a  middle,  and  an  outer.  The  inter  mil  coat  tears  readily  across 
th»^  long  axis  of  tlie  artery  and  consists  of  an  inner  lining  of 
ttntrened  nucleated  cells,  enveloped  by  a  variable  number  of 
layers  composed  of  membranes  or  networks  of  elastic  tissue. 
The  middle  coat  is  made  up  of  alternating  layers  of  elastic 
fibres  and  plain  muscular  tissue:  the  former  running  for  the 
mojsit  part  longitudinally  and  the  latter  across  the  long  axis 
of  the  vessel.  The  outer  coat  is  the  tougliest  and  strongest 
bec-anse  it  is  mainly  made  up  of  white  fibrous  connective 
llfisue:  it  contains  a  considerable  amount  of  ehistic  tissue  also, 
/■nd  gradually  shades  ott  into  a  loose  areolar  tissue  which 
IllHbi  the  aheath  oi  the  artery,  or  the  tuniea  admnfifia,  and 
pAcks  it  Iwtween  snrroonding  parts*  The  smaller  arteries 
have  all  the  clastic  elements  less  developed.  The  internal 
coat  is  consequently  thinner,  and  the  middle  coat  is  tuadc  up 
mainly  of  involuntary  muscular  filiros.  As  a  result  the  large 
arteries  are  hiirhly  elastic,  the  aorta  being  physically  much 
ke  a  piece  of  india-rahbcr  tubing,  while  the  smaller  arte- 
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ries  are  highly  contractile,  iu  the  physiological  sense  of  the 
word. 

Structure  of  the  Capillaries.  In  the  smaller  arteries  the 
outer  and  middle  coats  gradually  disappear,  and  the  elastic 
layers  of  the  inner  coat  also  go.  Finally,  in  the  capillaries 
the  lining  epithelium  alone  is  left,  with  a  more  or  less  de- 
veloped layer  of  connective- tissue  corpuscles  around  it,  repre- 
senting the  remnant  of  the  tunica  adventitia.  These  vessels 
are  thus  extremely  well  adapted  to  allow  of  filtnition  or  dif- 
fusion taking  place  through  their  thin  walls. 

Structure  of  the  Veins.  In  these  the  same  three  primary 
coats  as  in  the  arteries  are  found;  the  inner  and  middle  coats 
are  less  developed,  while  the  outer  one  remains  thick,  and  is 
made  up  almost  entirely  of  white  fibrous  tissue.  Hence  the 
venous  walls  are  much  thinner  than  those  of  the  correspond- 
ing arteries,  and  the  veins  collapse  when  empty  while  the 
stouter  arteries  remain  open.  But  the  toughness  of  their 
outer  coats  ^ives  the  veins  great  strength. 

Except  the  j)ulmonary  artery  and  the  aorta,  which  possess 
the  semilunar  valves  at  their  cardiac  orifices,  the  arteries  pos- 
sess no  valves.  Many  veins  on  the  contrary  have  such,  formed 
by  semilunar  pouches  of  the  inner  coat,  attached  by  one 
margin  and  having  the  edge  turned  towards  the  heart  free. 
These  valves,  sometimes  single,  oftener  in  pairs,  and  rarely 
three  at  one  level,  permit  blood  to  flow  only  towards  the 
heart,  for  a  current  in  that  direction  (as  in  the  upper  dia- 
gram. Fig.  96)  presses  the  valve  close  against  the  side  of  the 
vessel  and  meets  with  no  obstruction 
from  it.  Should  any  back-flow  be  at- 
tempted, however,  the  current  closes 
up  the  valve  and  bars  its  own  passage 
as  indicated  in  the  lower  figure.  These 
waives  are  most  numerous  in  super- 
licijil  veins  and  those  of  muscular  parts, 
tnu.?  th' -ii^lfSf^a^ioIl^f  '^^'^-y  ^ro  absent  in  the  venffi^avsB  and 
c^IiaVra^^^^^^^^^  the  portal-a^d-pulmonary  veins.    Usu- 

eud  of  the  vesDei.  ally  tETvein  is  a  little  dilated  opposite 

a  valve,  and  hence  in  parts  where  the 
valves  are  numerous  gots  a  knotted  look.  On  compressing 
the  forearm  so  as  to  stop  the  flow  in  its  subcutaneous  veins 
and  cause  their  dilatation,  the  points  at  which  valves  are 
placed  can  be  recognized  by  their  swollen  a})pearance.  They 
are  most  frequently  situated  where  two  veins  communicate. 


CHAPTER  XV, 
THE  WORKING  fJF  THE   HEART   AND   BLOOD- VESSEI^. 


The  Beat  of  the  Heart,  It  is  possible  with  some  little 
skill  ;md  care  to  open  the  chest  uf  n  Jiving  narcotized  uiii- 
mal,  such  as  a  rabbit,  and  see  its  heart  at  work,  alternately 
contracting  and  diminishing  the  ciiYlties  within  it,  aiul  relax- 
ing and  expanding  them.  It  is  then  observed  that  each  beat 
comuiences  at  the  mouthB  of  the  great  veins;  from  there  nins 
over  the  rest  of  tlie  auricles,  and  then  over  the  ventricles;  the 
auricles  commencing  to  dilate  the  moment  the  ventricles 
commence  to  contract.  Having  finished  their  contraction 
the  ventricles  also  commence  to  dilate,  and  so  for  some  time 
neither  they  nor  the  auricles  are  contracting,  but  the  whole 
heart  la  expanding.  The  contraction  of  any  piu-t  of  the  heart 
is  knowTi  us  its  ^y^ihh  and  the  relaxation  as  its  fiittsfok^  and 
b^Mnee  the  two  sides  of  the  heart  work  synchrojiouely,  the  au- 
ricles together  and  the  ventricles  together,  we  may  descrihe  a 
whole  "cardiac  period  "  or  ** heart- beat"  as  made  up  succes- 
iively  of  auricuhtr  st/sfoh\  renfricular  si/.sio!e,  and  pffuae. 
This  cycle  is  repeated  about  seventy  times  a  minute;  and  if 
the  whole  time  occupied  by  it  be  subdivided  into  100  parts, 
^ftbout  9  of  these  will  he  occnpied  by  the  auricular  systole, 
about  30  by  the  ventricular  systole,  and  61  by  the  pause: 
during  more  than  half^of  life^.therefore,  the  naiscle-fibres  of 
the  heart  are  at  resK  hi  the  pause  the  heart  if  taken  be- 
tween the  finger  and  thurnh  feels  soft  and  tlabby,  but  during 
the  systole  it  (especially  its  ventricular  portion)  becomes  hard 
and  rigid. 

diange  of  Form  of  the  Heart  During  its  systole  the 
heart  hecome^s  shorter  and  rounder,  mainly  from  a  change  in 
the  shape  of  the  ventricles.  A  cross-section  of  the  heart  at 
the  base  of  these  latter  during  diastole  would  be  elliptictd  in 
outline,  with  its  long  diameter  from  right  to  left;  during  the 
systole  it  is  more  circular,  the  long  axis  of  the  ellipse  becom- 
ing shortened,  while  the  dorso-ventral  diameter  remains  little 
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altered.  At  the  same  time  the  length  of  the  ventricles  is 
lessened,  the  apex  of  the  heart  approaching  the  base  and  be- 
coming blunter  and  rounder. 

The  Cardiac  Impulse.  The  human  heart  lies  with  its 
apex  touching  the  chest-wall  between  the  fifth  and  sixth  ribs 
on  the  left  side  of  the  breast-bone.  At  every  beat  a  sort  of 
tap,  known  as  the  "cardiac  impulse''  or  "apex  beat/'  may  be 
felt  by  the  finger  at  that  jwint.  There  is,  howevei:,  iM^iictiial 
"  tapjMiig,"  since  the  heart's  apex  nererleoverthe-ehoot  wM^ 
During  the  diastole  the  soft  ventricles  yield  to  the  chest- wall 
where  they  touch  it,  but  during'^fhe  sjstole  they  become-liflfd 
and  tense  and  push  it  out  a  little  between  the  ribs,  and  so 
cause  the  apex  beat.  Since  the  heart  becomes  shorter  during 
the  ventricular  systole,  it  might  be  sup^wsed  that  at  that  time 
the  apex  would  move  up  a  little  in  the  chest.  This,  how- 
ever, is  not  the  case,  the  ascent  of  the  apex  towards  the  base 
of  the  ventricles  being  compensated  for  by  a  movement  of 
the  whole  heart  in  the  opposite  direction.  If  water  be  pumped 
into  an  ehistic  tube,  already  moderately  full,  the  tube  will  be 
distended  not  only  transversely  but  longitudinally.  This  is 
what  happens  in  the  aorta:  when  the  left  ventricle  contracts 
and  pumps  blood  forcibly  "into  it,  the  elastic  artery  is  elongated 
as  well  as  widened,  and  the  lengthening  of  that  limb  of  its  arch 
attached  to  the  heart  pushes  the  latter  down  towards  the  dia- 
pbxairm,  and  compensates  for  the  upward  movement  of  the 
apex  due  to  the  shortening  of  the  ventricles.  Hence  if  the 
exposed  living  heart  be  watched  it  appears  as  if  during  the 
systole  the  base  of  the  heart  moved  towards  the  tip,  rather 
than  the  reverse. 

Events  occurring  within  the  Heart  during  a  Cardiac 
Period.  I^t  us  commence  at  the  end  of  the  ventricular 
systole.  At  this  moment  the  semilunar  valves  at  the  orifices 
of  the  aorta  and  the  pulmonary  artery  are  closed,  so  that  no 
blood  can  flow  back  from  those  vessels.  The  whole  heart, 
however,  is  soft  and  distensible  and  yields  readily  to  blood 
flowing  into  it  from  the  pulmonary  veins  and  the  vense  cava?; 
this  passes  on  through  the  open  mitral  and  tricuspid  valves 
and  fills  up  the  dilating  ventricles,  as  well  as  the  auricles.  As 
the  ventricles  fill,  back  currents  are  set  up  along  their  walls 
i  and  these  carry  up  the  flaps  of  the  valves  so  that  by  the  end 
■  of  the  pause  they  are  nearly  closed.  At  this  moment  the  au- 
ricles contract,  and  since  this  contraction  commences  at  aiTS^ 
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L Harrows  the  mouths  of  the  veius  ojieiiiiig  into  thcriu  aud  at 
)e  smne  iTme  tlje  bhju<i  in  tiiose  vtis^els  opposes  some  resist- 
ance to  a  bftck-tlow  into  them,  wlule  tl^o  still  fl?ibby  jukI 
dilating  ventricles  oppose  tniieh  less  resistance,  the  genernl 
result  is  that  the  corUnieting  anricles  seiul  blood  into  ilie 
ventricles,  and  not  back  iirto  the  veins.  At  tlje  same  titoe  the 
increased  direct  current  into  the  veillHeles  produces  a  greater 
back  current  on  tlie  sides,  which,  when  the  auricles  ceuse 
their  contnielion  and  the  tilled  ventricles  beeoine  tense  and 
press  on  the  blood  inside  theni,  completely  closes  the  anriculo- 
ventricular  valves.  Tfmt  this  increased  filling  of  the  ventri- 
cles, due  to  auricular  contractions,  will  close  the  valves  may 
be  seen  easily  in  a  sheep'^Jjeart.  If  the  auricles  be  carefnlly 
cut  away  from  this  so  as  to  expose  the  mitral  and  tricusiiid 
valves,  and  water  be  then  potiretl  from  a  little  hci^dit  into  the 
ventricles,  it  will  be  seen  that  as  these  cavities  are  filled  the 
Talve- flaps  are  floated  up  and  close  the  orilice(i>. 

The  auricular  contraction  tiov(  peases  and  the  ventricular 
commences.  The  blood  in  each  ventricle  is  im])risoTjed  be- 
tween the  auriculO'Ventnculur  valves  behind  ami  the  semi- 
lunar valves  in  front.  The  former  cannot  yield  on  account 
of  the  cordte  tendinea'  lixed  to  thetr  edges:  the  sendhnuir 
valves,  on  ihe  other  luimK  can  o[*en  ontwanls  from  the  ven- 
tricle and  let  the  blood  pass  on,  but  they  are  kept  tiglrtly  shut 
by  tlie  pressure  of  the  blooil  on  their  other  siiles,  just  as  the 
lock-gates  of  a  canal  nre  by  the  pressnre  of  the  water  on 
them.  In  order  to  open  the  canal-gates  water  is  let  in  or  otit 
of  the  lock  until  it  stands  at  the  same  lejel  on  each  side  of 
them;  but  of  course  tliey  tnight  be  forced  open  witliout  this 
by  applying  suflicient  power  to  overcome  the  higher  water 
pressure  on  one  side.  It  is  in  this  latter  way  that  the  semi- 
lunar valves  are  opened.  The  contracting  ventricle  tightens 
its  grip  on  the  blood  inside  it  and  becomes  rigid  to  the  touclh 
As  it  squeezes  harder  and  harder,  at  last  the  pressure  on  the 
bltMid  within  it  becomes  gresiter  than  the  jiressnre  exerted  on 
the  other  side  of  the  vnlves  by  the  bh»od  in  the  arteries,  the  flaps 
are  forced  open  and  the  blood  begins  to  pass  ont:  the  ventri- 
cle continues  its  contraction  until  it  Inis  obliterated  its  cavity 
and  completely  emptied  itself;  this  total  emptj^itig  appears, 
at  least,  to  occur  in  the  normally  beating  heart,  but  in  some 
pathological  conditions  and  under  the  influertce  of  certain 
drugs  the  emptying  of  the  ventricles  is  incomplete.     After 
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the  systole  the  ventricle  commences  to  relax  and  hlood  imme- 
diately to  flow  back  towards  it  from  the  highly  stretched  ar- 
teries. This  return  current,  however,  catches  the  pockets  of 
the  semilunar  valves,  drives  them  back  and  closes  the  valve 
so  as  to  form  an  impassable  barrier;  and  so  the  blood  which 
has  been  forced  out  of  either  ventricle  cannot  flow  directly 
back  into  it. 

Use  of  the  Papillary  Muscles.  In  order  that  the  con- 
tracting ventricles  may  not  force  blood  back  into  the  auricles 
it  is  essentiiil  that  the  flaps  of  the  mitral  and  tricuspid  valves 
be  maintained  in  position  across  the  openings  which  they 
close,  and  be  not  pushed  back  into  the  auricles.  At  the  com- 
mencement of  the  ventricular  systole  this  is  provided  for  by 
the  cordie  tendinea^,  which  are  of  such  a  length  as  to  keep 
the  edges  of  the  flaps  in  apposition,  a  position  which  is 
farther  secured  by  the  fact  that  each  set  of  cordse  tendinese 
(Fig.  92)  radiating  from  a  point  in  the  ventricle,  is  not  at- 
tached around  the  edges  of  one  flap  but  on  the  coniimimis 
edffes  of  ^wojlaps,  and  so  tends  to  pull  them  together.  But 
as  the  contracting  ventricles  shorten,  the  cordae  tendmeae,  if 
directly  fixed'lo  their  interior,  would  be  slackened  and  the 
valve-flaps  juished  up  into  the  auricle.  Tlielittle  f"]Til1i"'T~ 
muscles  prevent  this.  Shortening  as  the  ventricular  s3'stole 
proceeds,  tFeTlteep  tlie  cordiB  taut  jiiul  the  valves  closed. 

The  mechanism  is  indeed  even  better  working  than  this. 
The  area  of  the  valve-flaj)S  is  greater  than  is  sufficient  to 
stretch  across  the  auriculo-ventricular  orifice,  so  that  when 
their  edges  are  in  uj)position  they  form  a  cone  projecting  into 
the  ventricle.  Towards  the  ends  of  the  systole  the  papillary 
muscles  piiH  this  cone  down  into  the  ventricular  cavity  so  as 
to  practicalTy  obliterate  it  and  force  out  from  it  nearly  every 
droj)  of  blood. 

Sounds  of  the  Heart.  If  the  ear  be  placed  on  the  chest 
over  the  rej^ion  of  the  heart  during  life,  two  distinguishable 
sounds  will  be  heard  during  each  cardiac  cycle.  They  are 
known  respectively  as  the  first  and  second  sounds  of  the 
heart.  The  first  is  of  lower  pitcli  and  lasts  Jonger  than  the 
second  and  sliarper  sound:  vocally  their  character  may  be 
tolerably  imitated  by  the  words  hibb,  ilup.  The  cause  of  the 
second  sound  is  the  closure,  or,  as  one  might  say,  the  "flick- 
ing up/'  of  the  semilunar  valves,  since  it  occurs  at  the 
moment  of  their  closure  and  C!98S^  if  they  be  hooked -back  in 
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Irriiig  liuimuL     The  origni  of  the  ftrsrt^oiuul  is  Btill  uBcer? 

ain:  it  takes  placo  during   the   veDtrieulur   systole   and    m 

lirnbably  due  to  \4^wTrtiaiis  of  the  teuae  ventriculiw^wsdl  at 

t,hiit  time-     It  is  -i*^  due,  at  least  not  eTitrrely,  to  the  aurictilo- 

Tentricular  valves,  since  it  may  i^till    be   heard   in  a  beating 

heart  iii»pty  of  bhxid.  and  in  which  there  could  be  no  closure 

or  tension  of  those  valves.     In  variaus  forms  of  heart  disease 

the«e  sounds  are  mutlitlcd  or  cloaked   by  additional  '*jiuir* 

murs  '*  which  arise  when  the  cardiac  oritices  arc  roii^hencd 

or  niirrowed  or  djlated.  or  tlje  valves  inef^cient.     By  paying 

attention  to  the  eharac^ter  of  the  new  sound  then  heard,  the 

exact  period  in  the  cardiiic  cycle  at  which  it  occurs,  and  the 

regiun  oi  tbe  ciie!?t-w;ill  iit  which  it  is  heard  most  distinctly, 

the  physician  can  often  get  important  information  a.s  to  its 

^•nuse. 

Diagram  of  the  Events  of  a  Cardiac  Cycle,  In  the  fol- 
lowing table  the  phenomena  of  the  heart\s  beat  are  repre- 
senteti  with  refcreru-e  to  tiie  chunges  of  form  wliich  are  seen 
on  an  exposed  working  heart.  Kvents  in  the  same  vertical 
cohimn  occur  simultaneously;  on  the  same  horizoTital  Hue, 
frora  left  to  right,  snccesisively* 
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Function  of  the  Auricles.  '  The  ventricles  have  to  do  the 
work  of  pum|nf)g  the  blo4*d  through  the  blood-vessela  Ac- 
cordingly tlieir  walla  are  far  thicker  and  more  muscular  than 
those  of  the  auricles;  and  the  left  ventricle,  which  has  to 
force  the  blood  over  the  Botlv  generally,  is  stouter  than  the 
right,  which  has  only  to  senTTolood  around  the  comparatively 
short  pulmonary  circuit.  The  circulation  of  the  blood  is  in 
fact  maintained  by  the  ventricles,  and  we  have  to  inquire 
what  is  tlie  use  of  the  auricles.     Not  on  frequently  the  heart'^ 
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action  is  described  as  if  the  auricles  first  filled  with  blood  and 
then  contracted  and  tilled  the  ventricles;  and  then  the  latter 
contracteii  and  drove  the  blood  into  the  arteries.  From  the 
account  given  above,  however,  it  will  be  seen  that  the  events 
are  not  accurately  so  represented,  but  that  during  all  the 
pause  bloo«i  flows  on  through  the  auricles  into  the  ventricles, 
which  latter  are  already  nearly  full  when  the  auricles  con- 
tract; this  contraction  merely  completing  their  filling  and 
finishing  the  closure  of  the  auriculo-ventriculni  valves.  The 
real  use  of  the  auricles  is  to  afford  a  reservoir  into  which 
the  veins  may  empty  while  the  comparatively  long-lasting 
ventricular  contraction  is  taking  place:  ilicy  also  largely 
control  the  amount  of  work  done  by  the  heart. 

If  the  heart  consisted  of  the  ventricles  only,  with  valves 
at  the  ])oint8  of  entry  and  exit  of  the  blood,  the  circulation 
could  be  maintained.  During  diji^toli  the  \entricle  would 
fill  from  the  veins,  and  during  systole  em])ty  into  the  arteries. 
But  in  order  to  accom}dish  this,  during  the  systole  the  valves 
at  the  jmint  of  entry  must  be  closed,  or  the  ventricle  would 
empty  itself  into  the  veins  as  well  as  into  the  arteries;  and 
this  closure  would  necessitate  a  great  loss  of  time  which 
might  be  utilized  for  feeding  the  pump.  This  is  avoided  by 
tlie  jijmcles,  whicli  are  really  reservoirs  at  tljc  end  of  the 
venous  system,  collecting  blood  when  the  ventricular  pump  is 
at  work.  When  t)ie  ventricles  relax,  the  blood  entering  the 
auricles  flows  on  into  them:  but  previously,  during  the  jViF 
of  the  cardiac  cycle  occupied  by  the  ventricular  systole,  the 
auricles  have  accumulate(l  blood,  an<l  when  they  at  hi^t  con- 
tract they  send  on  into  the  ventricles  this  accumulation. 
P^ven  were  the  flow  from  the  veins  stopped  during  the  auric- 
ular contraction  this  would  be  of  comparatively  little  conse- 
quence, since  that  event  occupies  so  brief  a  time.  But,  al- 
though no  doubt  somewhat  lessened,  the  emptying  of  the 
veins  into  the  heart  does  not  seem  to  be,  in  health,  stopped 
whih»  the  auricle  is  contracting.  For  at  that  moment  the 
ventricle  is  relaxing  and  receives  the  blood  from  the  auricles 
under  a  less  pressure  than  it  enters  the  latter  from  the  veins. 
The  heart  in  fact  consists  of  a  couple  of  "  feed-pumps  " — the 
auricles — 'v.u\  a  couple  of  "  force-pumps ''—the  ventricles; 
and  so  wonderfully  perfect  is  the  mechanism  that  the  supply 
to  the  feed-pumps  is  never  stopped.  The  auricles  are  never 
eiripty,  being  supplied  all  the  time  of  their  contraction,  which 
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\%  never  so  great  as  to  obliterate  tlieir  cavities;  while  the  veii- 
triclwa-^xmtntn  TKniloofiHit-4W^iMJ-ol-4i**H*-flY«toIe. 

The  aiiriL'lcs  alsy  gOTern  to  a  cortuiti  extent  the  amount 
of  wurk  done  by  ihe  ventricles,  'rht\se  latter  cuiitnict  with 
more  than  .snttirient  force  to  completely  ihive  out  all  tlie 
blood  contained  in  iheni.  if  the  amitde*^  contract  more 
powerfully  anil  empty  UtemselveiJ  more  ixinipletely  at  any 
given  time,  i\w  venirieles  will  contain  more  lilood  at  the  coin- 
iiiencement  of  their  systole,  and  will  have  pnmped  out  more 
at  itfi  end.  Now,  i\^  we  shall  see  in  Chapter  A  V  I  f  I,  J  he  coii- 
trnction  of  the  aijjtiiJes  ia  nndfi-  the  control  of  \\w  pervmis 
system,  and  tljrongh  the  auricles  the  whole  work  ui  tiio 
heart.  In  fact  the  ventricles  re[ire?ent  the  brute  forre  con- 
cerned in  maintaining  the  circulation,  \vldle  the  auricles  are 
^piirt  of  a  highly 'developed  co-ordi'iutiuj^jr  meclumi^in,  hy 
which  the  rate  of  the  blonddlow  i8  governed  according  to 
Uie  needs  of  the  whole  Body  at  the  tim*?. 

The  Work  Bone  by  the  Heart.  This  can  be  calculated 
with  approximate  correctness.  At  each  systole  eaclj  ven- 
tricle send.^  out  the  safne  f[tiaT\tity  of  Idood — about  ISO  ^^rams 
(6.3  ounces);  the  jiressure  exerted  by  the  bbjod  in  tlit*  uoria 
tigatnst  the  semilunar  valYeSj,and  wlueli  the  ventricle  hos  to 
overcome,  18  about  that  whieh  would  I »e  exerted  on  the  same 
parface  by  a  cobirnn  of  xnercnrv  *?(M*  millimeters  (S  itiehes) 
high.  The  left  vcTitriele  therefore  drives  out,  seventy  times 
in  a  minute,  180  grams  (ti.3  ounces)  of  blood  against  this 
presiiure.  Since  the  specific  gravity  of  mercury  is  1'2.5  and 
that  of  blood  may  for  prnetieul  purposes  be  taken  as  1,  tlie 
work  of  each  stroke  of  the  ventricle  is  equivalent  to  raisin tj 
180  gjama  (O  ounces)  of  hlood  200  x  12.5  =  25t»0  milling. 
(8/2  feet);  or  one  gram  450  meters  (one  ounce  r)l.f>ti  feet); 
or  one  kilogram  0,4*")  meter  (one  lb,  \\/V*\  feet  K  Work  is 
measured  by  the  amount  of  energy  needed  to  raise  a  detiuite 
weight  a  given  distance  against  gravity  at  the  earth's  surface, 
the  unit,  called  a  kilnffrtuninefef%  lieing  either  that  net;e8sary 
to  raise  one  kilogram  one  fjieter,  or,  calleil  a  ffwl-poHud,  that 
necessary  to  raise  one  [lonnd  one  foot.  Kxpressf^l  thus  the 
work  of  the  left  ventricle  in  *me  mitinte,  when  the  bean's 
rate  is  seventy  strokes  in  that  time,  is  0.45  X  TO  =  SI  50  kilo- 
grammeters  (3/23  x  ?0  =  '2t?6.l  foot-pounds);  in  one  hour  it 
10  ;1L50  X  (JO  =  1890  kilogrammeters  (TliVA  x  60  ==  i:S/jti6 
foot'iKjunds);  and  in  twenty^four  hours  IBf^O  X  24  =  45,300 
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kilogrammeters  (325,584  foot-pounds).  The  pressure  iu  the 
pulmonary  artery  against  which  the  right  ventricle  works  is 
about  i  of  that  in  the  aorta;  hence  this  ventricle  in  twenty- 
four  hours  will  do  one  third  as  much  work  as  the  left,  or 
15,1*^0  kilogrammeters  (108.5"i8  foot-pounds),  and  adding 
this  to  the  amount  done  by  the  left,  wo  get  as  the  total  work 
of  the  ventricles  in  a  day  the  immense  amount  of  60,480 
kilogrammeters  (434,112  foot-pounds).  If  a  man  weighing 
75  kilograms  (IG5  lbs.)  climbed  up  a  mountain  806  meters 
(2644  feet)  high  his  skeletal  muscles  would  probably  be 
greatly  fatigued  at  the  end  of  the  ascent,  and  yet  in  lifting 
his  Body  that  height  they  would  only  have  j>erformed  the 
amount  of  work  that  the  ventricles  of  the  heart  do  daily 
without  fatigue. 

The  Flow  of  the  Blood  Outside  the  Heart.  The  blood 
leaves  the  heart  intermittently  and  not  in  a  regular  stream, 
a  quantity  being  forced  out  at  each  systole  of  the  ventricles: 
before  it  reaches  the  capillaries,  however,  this  rhythmic 
movement  is  transformed  into  a  steady  flow,  as  may  readily 
be  seen  by  examining  under  the  microscope  thin  transparent 
parts  of  various  animals,  as  the  web  of  a  frog's  foot,  a  mouse's 
ear,  or  the  tail  of  a  small  fish.  In  conserjuence  of  the  steadi- 
ness with  which  the  caj)illaries  supply  the  veins  the  flow  in 
these  is  also  unaffected,  directly,  by  each  beat  of  the  heart; 
if  a  vein  be  cut  the  blood  wells  out  uniformly,  wliile  a  cut 
artery  spurts  out  not  only  witli  much  great  or  force,  but  in  jets 
which  are  much  more  powerful  at  reguhir  intervals  corre- 
sponding with  the  systoles  of  the  ventricles. 

The  Circulation  of  the  Blood  as  Seen  in  the  Frog's  Web. 
There  is  no  more  fascinating  or  instructive  phenomenon  than 
the  circulation  of  the  blood  as  soon  with  the  microscope  in 
the  thin  membrane  between  the  toes  of  a  frog's  hind  limb. 
Upon  focusing  beneath  tlie  epidermis  a  network  of  minute 
arteries,  veins,  and  capillaries,  with  the  blood  flowing  through 
them,  comes  into  view  (Fiir.  ^n).  The  arteries,  rr,  are 
readily  recognized  by  the  fact  that  the  flow  in  them  is  fastest 
and  from  largcB^o  smaller  branches.  The  latter  are  seen 
ending  in  capillaries,  which  form  networks,  the  channels  of 
which  are  all  nearly  equal  in  size.  While  in  the  veins  aris- 
ing from  the  capillaries  the  flow  is  from  smaller  to  larger 
trunks,  and  slower  than  in  the  arteries,  but  faster  than  in  the 
capillaries. 
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The  reason  of  the  slower  How  of  tlie  cjipillaries  is  that 
**^^r  united  urea  is  coiiaiderubly  greater    thiiti   Lliitt  of  thu 
^^^^teriee  supplying  them,  so  that  the  same  quantity  of  blood 
^ ^:> wing  tb rou gh  thein  in  a  given  time   has  u  wider  ehuuLiel 
^"^^  flow  in  and  moves  more  shjwiy.     TJie  area  of  the  veins  in 
^'^^^laller  than  tlmt  of  the  euiiillariea  but  greater  than  that  of 
^^je  arterieB,  and  hence  the  rate  of  movement  in  thern  is  also 
^intermediate.      Almost  always   when  an    artery  divide?^,  the 
^rea  of  its  branrliei*  is  greater  tlmu  that  of  the  main  trunk, 
luid  BO  the  arterial  current  beeomes  slower  and  slower  from 
the  heart  onwards.     In  the  veins^on  the  other  hand,  the  ai*ea 
of  a  trunk  formed  by  the  union  of  two  or  more  lirauclies  is 
less  than  that  of  the  branches  together,  and  the  Eow  becomes 
quicker  and  quicker   towards  the   lieart.     But  even  at  the 
heart  the  united  cross-sections  of  the  veins  entering  the  auri- 
cles are  greater  than  those  of  tlie  arteries  leaving  ilie  ventri- 
cles, 60  that»  since  as   much  bhjod  returns  to  the  lieart  in  zi 
given  time  as  leaves  it,  the  rate  of  tlje  current  in  the  pul- 
monary veins  and  the  venaBcava?is  less  than  in  the  ptilmonary 
artery  and  aorta.     We  may  represent  tlie  vascular  system  ii& 
a  double  cone,  widening  from  the  ventricles  to  the  capiUaries 
and  narrowing  from  the  latter  to  the  auricles.     Just  as  water 
forced  in  at  a  narrow  end  of  this  w^ould  flow  quickest  there 
and  slowest  at  the  widest  part,  so  the  blood  flows  quickest  in 
the  aorta  and  slowest  in  the  capillaries,  which  taken  together 
form  a  much  wider  channel. 

Th©  Axial  Currant  and  the  Inert  Layer  If  a  small 
artery  in  tlie  frog^'s  web  be  closely  examined  it  will  be  ^een 
that  the  rate  of  How  is  not  the  same  in  all  parts  of  it.  In  the 
csentre  is  a  very  rapid  current  carrying  along  all  the  red  cor- 
puscles and  known  as  the  axial  itfream,  while  near  the  wall 
of  the  vessel  the  flow  is  much  slower,  as  indicated  by  the  rate 
at  which  the  jialo  blood-corpuscles  are  carried  along  in  it^ 
This  is  a  purely  [diysical  phenomenon.  If  any  liquid  be  for- 
cibly driven  tlirongh  a  fine  tube  which  it  wets,  water  for  in* 
Btance  through  a  irlass  tube,  the  outermost  layer  of  the  liquid 
will  remain  motionless  in  contact  with  the  tube:  (he  next 
layer  of  molecules  will  move  a  little,  the  next  faiiter  still; 
and  so  on  until  a  rapid  current  is  found  in  the  centre.  If 
golid  bodiei^  aa  powdered  sealing  wax,  be  suspended  in  the 
water,  these  will  all  be  carried  im  in  the  central  faster  cur- 
rent or  axial  stream,  Just  as  the  red  corpuscles  are  in  the 
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artery.  The  white^jsorpuscles,  partly  because  of  their  I^ 
specific  gravity,  and  partly  because  of  their  sometimes  irregu- 
lar TormTdue  to  amoeboi^movements,  get  frequently  pushed 
out  of  the  axial  current,  so  that  many  of  them  are  found  in 
the  inert  layer. 

Internal  Friotion.  It  follows  from  the  above^tated  facts 
that  there  is  no  noticeable  friction  between  the  blood  and 
the  lining  of  the  vessel  through  which  it  flows:  since  the 
outermost  blood-layer  in  contact  with  the  wall  of  the  vessel  is 
changed  only  by  diffusion.  There  is  great  friction  between 
the  different  concentric  layers  of  the  liquid,  since  each  of 
them  is  moving  at  a  different  rate  from  that  in  contact  with 
it  on  each  side.  This  form  of  friction  is  known  in  hydro- 
dynamics as  "internal  friction/'  and  it  is  of  great  importance 
in  the  circulation  of  the  blood.  Internal  friction  increases 
very  fast  as  the  calibre  of  the  tube  through  which  the  liquid 
flows  diminishes:  so  that  with  the  same  rate  of  flow  it  is  dis- 
proportionately much  greater  in  a  small  tube  than  in  a  larger 
one.  Hence  a  given  quantity  of  liquid  forced  in  a  minute 
through  one  large  tube  would  experience  much  less  resistance 
from  internal  friction  than  if  sent  in  the  same  time  through 
four  or  five  smaller  tubes,  the  united  transverse  sections  oi 
which  were  together  equal  to  tliat  of  the  single  larger  one.  In 
the  blood-vessels  the  increased  total  area,  and  consequently 
slower  flow,  in  the  smaller  channels  partly  counteracts  this 
increato  of  internal  friction,  but  only  to  a  comparatively 
slight  extent;  so  that  the  internal  friction,  and  consequently 
the  resistance  to  the  blood-flow,  is  far  greater  in  the  capil- 
laries than  in  the  small  arteries,  and  in  the  gmall  arteries  than 
in  the  large  ones.  Practically  we  may  regard  the  arteries  as 
tubes  ending  in  a  suonge:  the  united  areas  of  all  the  channels 
in  the  latter  might  be  considerably  larger  than  that  of  the 
supplying  tubes,  but  the  friction  to  be  overcome  in  the  flow 
through  them  would  be  much  greater. 

The  Conversion  of  the  Intermittent  into  a  Continuous 
Flow.  Since  the  heart  sends  blood  into  the  aorta  intermit- 
tently, we  have  still  to  inquire  how  it  is  that  the  flow  in  the 
capillaries  is  continuous.  In  the  larger  arteries  it  is  not, 
since  we  can  feel  them  dilating  as  the  ''piilsey"  on  applying 
the  finger  over  the  radial  artery  at  the  wrist,  or  over  the  tem- 
poral artery  on  the  side  of  the  brow. 

The  first  explanation  which  suggests  itself  is  that  since 
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^b^capacit?  of  the  blood-vessels 

^he  capilliiries,  an  acceleration  of  the  flow  doring  the  ven- 

^'^cular  coDtractiou   which   niiglit  be  very  manifest  in  the 

^^»8ois  near  the  heart  would  become  less  and  less  obvious  io 

the  more  distant  vessels.     But  if  this  were  so,  then  when  the 

^  "^c^od  wae  collected  again  from  tlie  wide  capillary  spOTige  into 

•^€S|freat  veins  near  the  heart,  which  together  are  but  little 

***8:ger  than  the  aorta,  we  ought  to  find  a  pulee,  hut  we  do 

*^>t:  the  venous  puke  whicli  sometimes  occurs  having  fjnite  a 

'liferent  cause*  being  due  to  a  back-tiow  from  the  auricles,  or 

^ihecking  of  the  ou-llow  into  them,  during  the  cardiac  sys- 

rie.  The  rhythm  of  the  flow  caused  by  the  heart  is  therefore 
merely  cloaked  in  the  small  arteries  and  capillaries,  bnt 
oHshed  in  them. 
We  cau,  however,  readily  contrive  conditions  outside  the 
Hody  under  which  an  intermittent  supply  is  transformed  into 
«  continuous  flow.  Suppose  we 
have  two  vessels,  A  and  B  (Fig. 
9T.K  containing  water  and  con- 
nected below  in  two  ways: 
through  the  tube  a  on  which 
ther^  is  a  pump  provided  with 
k'io  t^at  it  can  otdy  drive 
tfrom  A  to  B ;  and  through 
b,  which  may  be  left  wide  open 
or  narrowed  by  the  clamp  t",  at 
will*  If  the  apparatus  he  left 
At  refit  the  water  will  lie  at  the 
BtLme  level,  //,  in  each  vessel.  If  now  we  work  the  pump,  at 
each  gtn^ke  a  certain  amount  nf  water  will  he  conveyed  from 
A  to  B^  and  as  a  result  of  the  lowering  of  the  level  of  liquid 
in  A  and  its  rise  in  //,  there  will  be  immediately  a  return 
flow  from  B  to  A  through  the  tube  h.  A,  in  these  circum- 
stances, would  represent  the  venous  system,  from  which  the 
heart  constantly  takes  blond  to  pump  it  into  B,  representing 
the  arterial  system;  and  b  wfiuhl  represent  the  capillary  ves* 
aels  through  which  the  return  flow  takes  place;  bnt,  so  far, 
we  should  have  as  intermittent  a  flow  through  the  capillaries, 
ty  as  through  the  heart-pump,  a.  Now  imagine  b  to  be  nar- 
rowed at  one  point  so  as  to  oppose  resistance  to  the  back-flow, 
while  the  pump  goes  on  working  stead Uy.  The  result  will  be 
an  accamnlation  of  water  In  B,  and  a  fall  of  its  level  in  A, 
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But  the  more  the  difference  of  level  in  the  two  vessels  in- 
creases, the  greater  is  the  force  tending  to  drive  water  back 
through  h  to  J,  and  more  will  flow  back,  under  the  greater 
difference  of  pressure,  in  a  given  time,  until  at  last,  when  the 
water  in  B  has  reached  a  certain  level,  d\  and  that  in  A  has 
correspondingly  fallen  to  c/",  the  current  through  h  will  carry 
back  in  one  minute  just  so  much  water  as  the  pump  sends  the 
other  way,  and  this  back-flow  will  be  nearly  constant;  it  will 
not  depend  directly  upon  the  strokes  of  the  pump,  but  upon 
"TTie  heacl  of  water  accumulated  in  B\  which  head  of  water 
will,  it  is  true,  be  slightly  increased  at  each  stroke  of  the 
pump,  but  the  increase  will  be  very  small  compared  with  the 
whole  driving  force,  and  its  influence  will  be  inappreciable. 
We  tlius  gain  the  idea  that  an  incomplete  impediment  to  the 
flow  from  tlie  arteries  to  the  veins  (from  B  to  A  in  the  dia- 
gram), such  as  is  afforded  by  internal  friction  in  the  capil- 
laries, may  bring  about  conditions  which  will  lead  to  a  steady 
flow  along  the  latter  vessels. 

J^ut  in  tlie  arterial  system  there  can  be  no  accumulation  of 
blood  at  a  higher  level  than  that  in  the  veins,  such  as  is  sup- 
posed in  the  above  apparatus;  and  we  must  next  consider  if 
the  "  liead  of  water"  can  be  replaced  by  some  other  form  of 
driving  force.  It  is  in  fact  rei)laced  by  the  elasticity  of  the 
large  arteries.  Suppose  an  elastic  bag  instead  of  the  vessel  // 
connected  with  the  pump  *W/."  If  there  be  no  resistance  to 
the  back-flow  the  current  througli  h  will  be  discontinuous. 
But  if  resistance  be  interposed,  then  the  elastic  bag  will  be- 
come distended,  since  the  pump  sends  in  a  given  time  more 
liquid  into  it  than  it  passes  back  through  h.  But  the  more  it 
becomes  distended  the  more  will  the  bag  squeeze  tlie  liquid 
inside  and  the  faster  will  it  send  that  back  to  ^1,  until  at  last 
its  squeeze  is  so  powerful  that  each  minute  or  two  or  five  min- 
utes it  sends  back  into  A  as  mucli  i\&  it  receives.  Thenceforth 
the  back-flow  through  h  will  be  practically  constant,  being  im- 
mediately depe!ident  upon  the  elastic  reaction  of  the  bag,  and 
only  indirectly  upon  the  action  of  the  pump  which  keeps  it 
distended.  Sucli  a  state  of  things  represents  very  closely  the 
phenomena  occurring  in  the  blood-vessels.  The  highly  elastio 
large  arteries  are  kept  stretched  with  blood  by  the  heart;  and 
the  reaction  of  their  elastic  walls,  steadily  squeezing  on  the 
blood  in  them,  forces  it  continuously  through  the  small  arte- 
ries and  capillaries.     The  steady  flow  in  the  latter  depends 
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thus  on  two  factors:  first,  the  elasticity  of  the  large  arteries; 
and,  secondly,  the  resistance  to  their  emptying,  dependent 
upon  internal  friction  in  the  small  arteries  and  the  capillaries, 
which  calls  into  play  the  elasticity  of  the  large  vessels.  Were 
the  capillary  resistance  or  the  arterial^  elasticity  absent  the 
blood-flow  in  the  capillaries  would  be  rhythmic. 


CHAPTER  XVL 

ARTERIAL  PRESSURK    THE  PUI5K 

Weber's  Schema.  It  is  clear  from  the  statements  made 
in  the  last  chapter  that  it  is  the  pressure  exerted  by  the  elas- 
tic arteries  upon  the  blood  inside  them  which  keeps  upTlie 
flow  through  the  capillaries,  the  heart  serving  to  keep  the 
big  arteries  tightly  filled  and  so  to  call  the  elastic  reaction  of 
their  walls  into  play.  The  whole  circulation  depends  prima- 
rily, of  course,  upon  the  beat  of  the  heart,  but  this  only  in- 
directly governs  the  capillary  flow,  and  since  the  latter  is  the 
aim  of  the  whole  vascular  apparatus,  it  is  of  great  importance 
to  know  all  about  arterial  pressure;  not  only  how  great  it  is 
on  the  average,  but  how  it  is  altered  in  different  vessels  in 
various  circumstances  so  as  to  make  the  flow  through  the 
capillaries  of  a  given  part  greater  or  less  according  to  circum- 
stances; for,  as  blushing  and  pallor  of  the  face  (which  fre- 
quently occur  without  any  change  in  the  skin  elsewhere) 
prove,  the  quantity  of  blood  flowing  through  a  given  part  is 
not  always  the  same,  nor  is  it  always  increased  or  diminished 
in  all  parts  of  the  Body  at  the  same  time.  Most  of  what  we 
know  about  arterial  pressure  has  been  ascertained  by  experi- 
ments made  upon  the  lower  animals,  from  which  deductions 
are  then  made  concerning  what  happens  in  man,  since  An- 
atomy shows  that  the  circulatory  organs  are  arranged  upon 
the  same  plan  in  all  the  mammalia.  A  great  deal  can,  how- 
ever, be  learnt  by  studying  the  flow  of  liquids  through  ordi- 
nary elastic  tubes.  Suppose  we  have  a  set  of  such  (Fig.  98) 
supplied  at  one  })oint  with  a  pump,  c,  possessing  valves  of 
entry  and  exit  which  open  only  in  the  direction  indicated  by 
the  arrows,  and  that  the  whole  system  is  slightly  overfilled 
with  liquid  so  that  its  elastic  walls  are  slightly  stretched. 
These  will  in  consequence  press  upon  the  liquid  inside  them 
and  the  amount  of  this  pressure  will  be  indicated  by  the 
gauges;  so  long  as  the  pump  is  at  rest  it  will  be  the  same 
everywhere  (and  therefore  equal  in  the  gauges  on  B  and  A), 
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Binee  liqaid  in  a  set  of  horizontal  tubes  cooimuiiicating  freely, 
as  these  do  at  />,  always  tlistributes  itself  so  that  the  pressure 
upon  it  13  everywhere  the  same.  Let  the  pump  c  now  con- 
tract once,  and  tlicn  dilute:  during  the  contraction  it  will 
empty  itself  into  B  and  during  the  dilatation  fill  itself  from 
A*  Consequently  the  pressure  in  //,  indicated  by  the  gauge 
z,  will  rise  and  that  in  A  will  fall.  But  very  rajjidly  the 
liquid  will  redistribute  itself  from  B  to  ,1  tlirough  D,  until 
it  again  exists  everywhere  under  the  same  pressure.     Every 
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time  the  pump  works  there  will  occur  a  similar  series  of 
phenomena,  and  there  will  be  a  disturbance  of  equilibrium 
causing  a  wave  to  flow  rontid  the  tubing;  but  there  will  be 
no  steady  maintenance  of  a  pressure  on  the  side  B  greater 
than  that  hi  A,  Now  let  the  upper  tube  D  he  closed  so  that 
the  liquid  to  get  from  B  to  A  must  flow  through  the  narrow 
lower  tubes  />',  which  oppose  considerable  resistance  to  its 
p[issage  on  account  of  their  fref|uent  branchings  and  the 
great  internal  friction  in  tlieni;  theu  if  the  pump  works  fre- 
quently enough  there  will  be  produced  and  maintained  in  B 
a  pressure  considerably  higher  than  that  in  J,  which  may 
even  become  negative.  If,  for  example,  the  pump  works  60 
times  a  minute  and  at  each  stroke  takes  ISO  cubic  centi- 
meters of  liquid  (6  ounces)  from  .-1  and  drives  it  into  B,  the 
quantity  sent  in  at  the  first  stroke  will  not  (on  account  of  the 
resistance  to  its  iiow  otTere<l  by  the  small  branched  tubes), 
have  all  got  back  into  A  before  the  next  stroke  takes  place, 
sending  180  more  cubic  centimeters  (6  oz.)  into  B.  Conse- 
quently at  each  stroke  B  will  become  more  and  more  dis- 
tended and  A  more  and  more  emptied,  and  the  gauge  x  will 
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indicate  a  much  higher  pressure  than  that  on  A.  As  B  is 
more  stretched,  however,  it  squeezes  harder  upon  its  con- 
tents^ until  at  last  a  time  comes  when  t1)is  squeeze  is  power- 
ful enough  to  force  through  the  small  tubes  just  180  cubic 
centimeters  (6  oz.)  in  a  second.  Then  further  accumulation 
in  B  ceases.  The  pump  sends  into  it  10,800  cubic  centi- 
meters (3G0  ounces)  in, a  minute  at  one  end  and  it  squeezes 
out  exactly  that  amount  in  the  same  time  from  its  other  end ; 
and  so  long  as  the  pump  works  §teadily  the  pcea^ire  in  B 
will  not  rise,  nor  that  in  A  fall,  any  more.  But  under  such 
circumstances  the  flow  through  the  small  tubes  will  be  nearly 
constant  since  it  depends  upon  the  difference  in  pressure  pre- 
vailing between  B  and  Ay  and  only  indirectly  upon  the  pump 
which  serves  simply  to  keep  the  pressure  high  in  B  and  low 
in  A.  At  each  stroke  of  the  pump  it  is  true  there  will  be 
a  slight  increase  of  pressure  in  B  due  to  the  fresh  180  cub. 
cent.  (6  oz.)  forced  into  it,  but  this  increase  will  be  but  a 
small  fraction  of  the  total  pressure  and  so  have  but  an  in- 
significant influence  upon  the  rate  of  flow  through  the  small 
connecting  tubes. 

Arterial  Pressure.  The  condition  of  things  just  de- 
scribed represents  very  closely  the  phenomena  presented  in 
the  blood-vascular  system,  in  which  the  ventricles  of  the 
heart,  with  their  auriculo-ventricular  and  semilunar  valves, 
represent  the  pumj),  the  smallest  arteries  and  the  capillaries 
the  resistance  at  D\  the  large  arteries  the  elastic  tube  B,  and 
the  veins  the  tube  A,  The  ventricles  constantly  receiving 
blood  through  the  auricles  from  the  veins,  send  it  into  the 
arteries,  which  find  a  difficulty  in  emptying  themselves 
througli  the  capillaries,  and  so  blood  accumulates  in  them 
until  tlie  elastic  reaction  of  the  stretched  arteries  is  able  to 
squeeze  in  a  minute  through  the  capillaries  just  so  much 
blood  as  the  left  ventricle  pumps  into  the  aorta,  and  the  right 
into  the  pulmonary  artery,  in  the  same  time.  Accordingly  in 
a  living  animal  a  pressure-gauge  connected  with  an  artery 
shows  a  much  higher  pressure  than  one  connected  with  a  vein, 
and  this  persisting  difference  of  pressure,  only  increased  by  a 
small  fraction  of  the  whole  at  each  heart-beat,  brings  about 
a  steady  flow  from  the  arteries  to  the  veins.  The  heart  keeps 
the  arteries  stretched  and  the  stretched  arteries  maintain  the 
flow  through  the  capillaries,  and  the  constancy  of  the  current 
in  them  depends  on  two  factors:  (1)  the  resistance  experi- 
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^iiced  by  the  blood  in  its  flow  from  the  ventricles  to  the 
'^^eins,  and  (2)  the  ehisticity  of  the  larger  arteries  which  lillows 
%::-he  blot>d  to  accumulate  in  them  under  ii  high  pressure,  in 
"^Consequence  of  this  resistance. 

The  Arterial  Pressure.  This  cannot  be  directly  meas- 
ured with  accuracy  in  umn,  but  from  meiisurements  made  on 
other  animals  it  is  calculated  that  in  the  liomiin  iLorta  its 
average  is  equal  to  that  of  a  column  of  mercury  UOO  niiili- 
meters  {%  inches)  hicrh.  During  the  systole  it  rises  about  ;> 
QiilHmeters  (t  iuph)  above  this  ami  during  the  pause  falls  the 
snuic  amount  fielow  it.  The  pressure  in  the  veii^e  cavae  ou  the 
uther  hand  is  often  negative,  the  blood  being,  to  use  ordinary 
language,  often  *'  sucked  "  out  of  them  into  the  heart,  and  it 
rarely  rises  above  5  millimeters  (ijncb)  of  mercury  except 
under  conditions  (such  as  {powerful  muscular  effort  accom- 
•  [lanied  by  holding  the  breatli)  which  force  blood  on  into  the 
veuR"  Ciiva^  and,  by  impeding  the  pulmonary  circulation,  in- 
terfere with  the  emptying  of  the  right  auricle.  Hence  to 
maintain  the  flow  from  the  aorta  to  the  vena  cava  we  have 
an  average  difference  of  pressure  equal  to  200  —  5  =  195 
milJirneters  (TJ  inches)  of  mercury,  rising  to  205  —  5  =  200 
mm,  (8  inches)  during  the  cardiac  systole  and  fulling  to 
196  —  5  =  190  mm.  (7f  inches)  during  the  pause;  but  the 
dight  alterations,  only  about  ^gjjt  the  whole  diiTerence  of 
aortic  and  vena- cava  pressures  which  maintain  the  Idood- 
flow,  are  too  small  to  cause  appreciable  changes  in  the  rate  of 
the  current  in  the  capillaries.  The  pressure  on  the  blood  in 
the  [lulmonary  artery  is  about  ^  of  that  in  the  aorta. 

Since  the  blood  flows  froTu  the  aorta  to  its  branches  and 
from  these  to  the  capillaries  and  thence  to  the  veins,  and 
liquids  in  a  set  of  continuous  tubes  flow  from  points  of 
greater  to  those  of  less  pressure,  it  is  clear  that  the  blood- 
pressure  must  constantly  diminish  from  tlie  aorta  to  the 
right  auricle;  and  similarly  from  the  pulmonary  artery  to 
the  left  auricle.  At  any  point,  in  fact,  the  pressure  is  pro- 
portionate to  the  resistance  in  front,  and  since  the  farther 
the  blood  has  gone  the  less  of  this,  due  to  impediments  at 
branchings  and  to  internal  friction,  it  has  to  overcome  in 
finiahiug  its  round,  the  pressure  on  the  blood  diminishes  as 
we  follow  it  from  ihe  aorta  to  the  venae  cavae.  In  the  larger 
arteries  the  fall  of  pressure  is  gradual  and  small,  since  the 
amount  of  resistance  met  with  in  the  flow  through  them  is 
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but  little.  In  the  small  arteries  and  capillaries  the  resistance 
overcome  and  left  behind  is  (on  account  of  the  great  internal 
friction  due  to  their  small  calibre)  very  great,  and  conse- 
quently the  fall  of  pressure  between  the  medium-sized  arteries 
and  the  veins  is  rapid  and  considerable. 

Modifioations  of  Arterial  Fressure  by  Changes  in  the 
Bate  of  the  Heart's  Beat.  A  little  consideration  will  make 
it  clear  that  the  pressure  prevailing  at  a!iy  timu  in  a  given 
artery  depends  on  two  things — the  rate  at  which  the  vessel 
is  filled,  i.e.,  upon  the  amount  of  work  done  by  the  heart; 
and  the  ease  or  difficulty  with  which  it  is  emptied,  that  is, 
upon  the  resistance  in  front.  A  third  factor  has  to  be  taken 
into  account  in  some  cases;  namely,  that  when  the  muscular 
coats  of  the  small  arteries  contract  the  local  capacity  of  the 
vascular  system  is  diminished,  and  has  to  be  compensated  for 
by  greater  distention  elsewhere,  and  vice  versa.  This  would 
of  itself  of  course  bring  about  changes  in  the  pressure  ex- 
erted on  the  contained  liquid,  but  for  the  present  it  may  be 
left  out  of  consideration.  Returning  to  the  system  of  elastic 
tubes  with  a  pump  represented  in  Fig.  98,  let  us  suppose  the 
pump  to  be  driving  as  before  10,800  cub.  cent.  (360  oz.)  per 
minute  into  the  tubes  By  and  that  these  latter  are  so  dis- 
tended that  they  drive  out  just  that  quantity  in  the  same 
time.  Under  such  conditions  the  pressure  at  any  given 
point  in  B  will  remain  constant,  apart  from  the  small  varia- 
tions dependent  upon  each  stroke  of  the  pump.  Now,  how- 
ever, let  the  latter,  while  still  sending  in  180  cub.  cent. 
(6  oz.)  at  each  stroke,  work  80  instead  of  60  times  a  minute 
and  so  send  in  that  time  180  X  80  =  14,400  cub.  cent. 
(480  oz.)  instead  of  the  former  quantity.  This  will  lead  to 
an  accumulation  in  B,  since  its  squeeze  is  only  sufficient, 
against  .the  resistance  opposed  to  it,  to  send  out  10,800  cub. 
cent.  (360  oz.)  in  a  minute.  B  consequently  will  become 
more  stretched  and  the  pressure  in  it  will  rise.  As  this 
takes  place,  however,  it  will  j)ress  more  powerfully  on  its 
contents  until  at  last  its  distention  is  such  that  its  elastic 
reaction  is  able  to  force  out  in  a  minute  through  the  small 
tubes  D,  14,400  cub.  cent.  (480  oz.)  Thenceforth,  so  long 
as  the  pump  beats  with  the  same  force  and  at  the  same  rate 
and  the  peripheral  resistance  remains  the  same,  the  mean 
pressure  in  B  will  neither  rise  nor  fall — B  sending  into  A  in 
a  minute  as  much  as  c  takes  from  it,  and  we  would  have  a 
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steady  coinJition  of  things  with  a  higher  mean  pressure  in  B 
than  before. 

On  the  other  hand,  if  the  pump  begins  to  work  more 
slowly  while  the  resistance  remains  the  same,  it  is  clear  that 
the  mean  pressure  in  B  most  falL  If,  for  example,  the 
jHimp  works  only  forty  titnes  a  minute  and  so  sends  in  that 
time  18U  x  4(J  =  7200  cub.  cent.  (240  oz.)  into  B,  which  is 
so  stretched  that  it  is  squeezing  out  10,800  cub.  cent.  (30O 
oz.),  in  that  time,  it  is  clear  that  B  will  gradually  empty 
itself  and  its  walls  become  less  atretchetl  and  tlie  prci^sure  in 
it  fall.  As  this  takes  place,  however,  it  will  force  less  liquid 
in  a  minute  through  the  small  tubes,  until  at  last  a  pressure  is 
reached  at  which  the  squeeze  of  B  tmly  sends  out  7200  cub. 
cent*  (340  oz.j  iti  a  minute;  and  then  llie  fall  of  pressure  will 
ceafie  and  a  steady  one  will  he  maintained,  but  lower  than 
before. 

Applying  the  same  reasoning  to  the  vascular  ajstem,  we 
see  that  (the  peripheral  resistance  remaining  unaltered),  if  the 
heart's  force  renffliiiU  tTlts^ame  but  its  rate  increases,  arterial 
pressure  will  rise  to  a  new  level,  while  a  slowing  of  the  heart's 
beat  will  bring  about  a  fall  of  pressure. 

Modifications  of  Arterial  Pressure  Dependent  on 
Changes  in  tha  Force  of  the  Hearths  Beat.  Kelu ruing 
again  to  Fig.  98:  8upj>ose  that,  while  the  rate  of  the  pump 
remains  the  same,  its  power  alters  so  that  each  time  it  sends 
200  cub.  cent.  (tIG  oz.)  instead  of  IHO  (%  oz.)  and  so  in  a 
minute  12,000  cub.  cent  (396  oz, )  instead  of  10,800  (3*io  oz.) 
— the  C|uantity  which  B  is  stretched  enough  to  squeeze  out 
in  that  time.  Water  will  in  conseqitence  accumulate  in  B 
until  it  becomes  stretched  enough  to  squeeze  out  12,000  cub, 
cent*  (396  oz.)  in  a  mirnite^aud  then  a  steady  pressure  at  a 
new  and  higher  level  will  be  maintained.  On  the  other 
hand  if  the  pump,  still  beating  sixty  times  a  minute,  works 
more  feebly  so  as  to  send  out  oidy  100  cnk  cent.  (5.6  oz.)  at 
each  stroke,  then  B,  squeezing  out  at  first  more  than  it 
receives  in  a  given  time,  will  gradually  empty  itself  until  it 
only  presses  hard  enough  upon  its  contents  to  force  160  x  60 
—  9 GOO  cub.  cent,  (336  oz.)  out  in  a  minute. 

Similarly*  if  while  the  resistance  in  the  small  arteries  and 
capillaries  remains  the  same  and  the  heart's  rate  unchanged 
the  stroke  of  the  latter  alters,  so  that  at  each  beat  it  sends 
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more  blood  out  than  it  did  previously,  then  arterial  pressure 
will  rise;  while  if  the  heart  beats  more  feebly  it  will  fall. 

Modifications  of  Arterial  Pressure  by  Changes  in  the 
Peripheral  Besistance.  Let  the  pump  c  in  Fig.  98  still 
work  steadily  sending  10,800  cub.  cent.  (3G0  oz.)  per  minute 
into  B  and  the  resistance  increase,  it  is  clear  arterial  pressure 
must  rise.  For  B  is  only  stretched  enough  to  squeeze  out  in 
a  minute  the  above  quantity  of  liquid  against  the  original  re- 
sistance, and  cannot  at  first  send  out  that  quantity  against  the 
greater.  Liquid  will  consequently  accumulate  in  it  until  at 
last  it  becomes  stretched  enough  to  send  out  10,800  cub. 
cent.  (3G0  cubic  oz.)  in  a  minute  through  the  small  tubes,  in 
spite  of  the  greater  resistance  to  be  overcome.  A  new  mean 
pressure  at  a  higher  level  will  then  be  established.  If,  on  the 
contrary,  the  resistance  diminishes  while  the  pump's  work 
remains  the  same,  then  B  will  at  first  squeeze  out  in  a  minute 
more  than  it  receives,  until  finally  its  elastic  pressure  is 
reduced  to  the  point  at  which  its  receipts  and  losses  balance, 
and  a  new  and  lower  mean  pressure  will  be  established  in  B. 

Similarly  in  the  vascular  system,  increase  of  the  periijheral 
resistance  by  narrowing  of  the  small  arteries  will  increase 
arterial  pressure  in  all  parts  nearer  the  heart,  while  dikita- 
tion  of  the  small  arteries  will  have  the  contrary  effect. 

Summary.  Wo  find  then  that  arterial  pressure  at  any 
moment  is  tlependent  upon— (1)  the  rate  of  the  heart's  beat; 
(*^)  tlie  quantity  of  blood  forced  into  the  arteries  at  each 
beat:  (3)  tlic  calibre  of  the  smaller  vessels.  ^  of  these, 
and  cjonsequently  the  eafHlkiiy  circulation  which  d^ipeods 
upon  af to4*U> -pret^surc,  are  under  the  control  of  the  nervous 
system  (see  Chap.  XVII.).  *" 

The  Pulse.  When  the  left  ventricle  contracts  it  forces  a 
certain  amount  of  blood  into  the  aorta,  which  is  already  dis- 
tended and  on  ac.'count  of  the  resistance  in  front  cannot 
empty  itself  as  fast  as  the  contracting  ventricle  fills  it.  As 
a  consequonco  its  elastic  walls  yield  still  more — it  enlarges 
both  transversely  and  longitudinally  and  if  exposed  in  a 
living  animal  can  be  seen  and  felt  to  pulsate,  swelling  out  at 
each  systole  of  the  heart,  and  shrinking  and  getting  rid  of 
the  excess  during  the  pause.  A  similar  phenomenon  can  be 
observed  in  all  the  other  large  arteries,  for  just  as  the  con- 
tracting ventricle  fills  the  aorta  faster  than  the  latter  empties 
(the  whole  period  of  diastole  and  systole  being  required  by 
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to  pass  on  the  blood  mni  in  daring  systole),  so  tlie 
iticreused  tension  io  the  aortii  uii mediately  after  the  cardiac 
contraction  drives  on  some  of  its  contents  into  its  branches, 
and  fills  those  faster  than  they  are  emptying,  and  so  causes 
a  dilatation  of  them  also,  which  only  grudnally  disappears  as 
the  aortic  tenijiion  falls  lieforc  tbe  next  systole.  Hence  after 
each  beat  of  the  heart  there  is  a  sensible  dilatation  of 
all  the  larger  arteries,  known  m  the  pulse,  which  bocomcs 
less  and  hi^^  marked  at  points  on  the  smaller  branches 
farther  from  the  heart,  bnt  wliich  in  health  can  readily  be 
recognized  on  any  artery  large  enongh  to  be  felt  by  the 
finger  throngh  the  skin,  etc.  The  radial  artery  near  the 
wrist,  for  example,  will  always  be  felt  tense  by  tlie  tinger, 
since  it  is  kept  overiilled  by  tbe  heart  in  tbe  way  already  de- 
scribed. Bnt  after  each  heart-beat  it  becomes  more  rigid 
and  dilates  a  little,  the  increased  distension  and  rigidity 
gradually  disappearing  as  the  artery  piisses  on  the  excess  of 
blood  l^efore  tlie  next  heart-beat.  Tbe  pnlse  is  then  a  wave 
of  increased  pressure  started  by  the  ventricular  systole,  ra- 
diating from  the  semihmar  valves  over  tbe  arterial  system, 
and  grmlnally  disappearing  in  tbe  smaller  branches.  In  the 
aorta  tbe  pulses  is  most  marked »  for  tiie  resistance  there  to 
the  transmission  onwards  of  the  blood  sent  in  by  tlie  heart  is 

I  greatest,  and  the  elaijtic  tube  in  which  it  consequently  accu- 
mulates is  shortest,  and  so  the  increase  of  pressure  and  the 
dilatation  caused  are  considerable.  The  aorta,  however* 
gradually  squeezes  out  the  excess  blood  into  its  branches,  and 
80  this  becomes  distributed  over  a  wuder  area,  and  theae 
branches  having  less  resistance  in  front  fijul  less  and  less  diffi- 

icultj  in  passing  it  on:  cojisequently  the  jnilse-w^ave  becomes 
leas  and  less  conspicuous  and  finally  altogether  disappears  be- 
fore tbe  capillaries  arc  reached,  the  excess  of  liquid  in  the 
whole  arterial  system  after  a  ventricular  systole  being  too 
email  to  sensibly  raise  the  mean  pressure  once  it  has  been 
widely  distributed  over  tbe  elastic  vessels,  which  is  the  case 
by  the  time  the  wave  has  reached  the  small  branches  which 
supply  the  capillaries. 

The  pulse* wave  travels  over  the  arterial  system  at  the  rate 
of  about  9  metres  ('39,5  feet)  in  a  second,  commencing  at  the 
wrist  0.159  second,  and  in  the  posterior  tibial  artery  at  tbe 
ankle  0.193  second,  after  the  ventricular  systole.     The  blood 

^  itaelf  does  not  of  course  travel  as  ftist  as  the  pulse-wave,  for 
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that  quantity  sent  into  the  aorta  at  each  heart*  beat  does  not 
immediately  rush  on  over  the  whole  arterial  system,  but  by 
raising  the  local  pressure  causes  the  vessel  to  squeeze  out 
faster  than  before  some  of  the  blood  it  already  contains,  and 
this  entering  its  branches  raises  the  pressure  in  them  and 
causes  them  to  more  quickly  fill  their  branches  and  raise  the 
pressure  in  them;  the  pulse-wave  or  wave  of  increased  press- 
ure is  transmitted  in  this  way  much  faster  than  any  given 
portion  of  the  blood.  How  the  wave  of  increased  pressure 
and  the  liquid  travel  at  different  rates  may  be  made  clearer 
perhaps  by  picturing  what  would  happen  if  liquid  were 
pumped  into  one  end  of  an  already  full  elastic  tube,  closed  at 
the  other  end.  At  the  closed  end  of  the  tube  a  dilatation  and 
increased  tension  would  be  felt  immediately  after  each  stroke 
of  the  pump,  although  the  liquid  pumped  in  at  the  other  end 
would  have  remained  about  its  point  of  entry;  it  would  cause 
the  pulsation  not  by  flowing  along  the  tube  itself,  but  by  giv- 
ing a  push  to  the  liquid  already  in  it.  If  instead  of  absolutely 
closing  the  distal  end  of  the  tube  one  brought  about  a  state 
of  things  more  nearly  resembling  that  found  in  the  arteries 
by  allowing  it  to  empty  itself  against  a  resistance,  say  through 
a  narrow  opening,  the  phenomena  observed  would  not  be  es- 
sentially altered;  the  increase  of  pressure  would  travel  along 
the  distended  tube  far  faster  than  the  liquid  itself. 

The  pulse  being  dependent  on  the  heart's  systole,  "  feeling 
the  pulse'*  of  course  primarily  gives  a  convenient  means  of 
counting  the  rate  of  beat  of  that  organ.  To  the  skilled  touch, 
however,  it  may  tell  a  great  deal  more,  as  for  example  whether 
it  is  a  readily  compressible  or  "soft  pulse"  showing  a  low  ar- 
terial pressure,  or  tense  and  rigid  ("a  hard  pulse'*)  indicative 
of  high  arterial  pressure,  and  so  on.  In  adults  the  normal 
pulse  rate  may  vary  from  sixty-five  to  seventy-five,  the  most 
common  number  being  seventy-two.  In  the  same  individual 
it  is  faster  when  standing  than  when  sitting,  and  when  sitting 
than  when  lying  down.  Any  exercise  increases  its  rate  tem- 
porarily, and  so  does  excitement;  a  sick  person's  pulse  should 
not  therefore  be  felt  when  he  is  nervous  or  excited  (as  the 
physician  knows  when  he  tries  first  to  get  his  patient  calm 
and  confident),  as  it  is  then  diflBcult  to  draw  correct  conclu- 
sions from  it.  In  children  the  pulse  is  quicker  than  in  adults, 
and  in  old  age  slower  than  in  middle  life. 

The  Bate  of  the  Blood-Flow.     As  the  vascular  system 
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T>ecouies  more  capacious  from  tiie  iiorta  to  the  capillaries  the 
T-ate  of  flow  in  it  becomes  proi>ortioiiatelj  slower,  and  as  the 
total  area  of  the  channels  diminishes  again  from  the  capilla- 
ries to  the  venfe  cavfp,  so  does  the  rate  of  flow  quicken,  just 
a^  a  river  current  slackens  when  it  spreads  out,  and  flows 
faster  where  it  is  confined  to  a  narrower  channel;  a  fact  taken 
advantage  of  in  the  constrnction  of  Eads'  jetties  at  the  month 
of  the  Mississippi,  the  object  of  which  is  to  make  the  water 
flow  in  a  narrower  channel  and  so  with  a  more  rapid  current 
iu  that  part  of  the  river.  Actual  measurements  as  to  tlie  rate 
of  flow  in  the  arteries  cannot  be  made  on  man,  but  from  ex- 
periments on  lower  animals  it  is  calculated  that  in  the  human 
carotid  the  blood  flows  about  400  millinietres  (Iti  inches)  in  a 
second.  In  the  capillaries  the  current  travels  only  from  (15 
to  0,75  mm.  (^  to  ^^  inch)  in  a  second.  The  total  time 
taken  by  a  portion  of  blood  in  making  a  complete  circulation 
has  been  measured  by  injecting  some  easily  detectt^d  Ftib- 
stance  into  an  artery  on  one  side  of  the  body  and  noting  the 
time  which  elapses  before  it  can  be  found  in  a  corresponding 
vein  on  the  oppos'  e  side.  In  dogs  this  time  is  15  seconds, 
and  it  is  c;dc«lated  for  man  at  about  1'^  seconds.  Of  this 
total  time  about  half  a  second  is  spent  in  the  systemic  and 
another  half  secoiul  in  the  pulmonary  capillaries,  as  each  \mr- 
tion  of  blood  on  its  course  from  the  last  artery  to  the  first 
vein  passes  through  a  length  of  capillary  which  on  the  aver- 
age is  0.5  mm.  (/^j  inch).  The  rate  of  fl(jw  iu  the  great  veins 
is  about  100  mm.  (4  inches)  in  a  second,  but  is  subject  to  con- 
siderable variations  dependent  on  the  respiratory  and  other 
movements  of  the  Body;  in  the  snudl  veins  it  is  much  slower. 
Secondary  Causes  of  the  Circulation.  While  the  heart's 
beat  is  the  great  driving  force  of  the  eirculatiun,  certain  other 
things  help  more  or  less — viz.,  gravity,  comjiression  of  the 
veins,  and  aspiration  of  the  thorax.  All  of  them  are,  how- 
ever, quite  subsidiary;  experiment  on  the  dead  Body  shows 
that  the  injection  of  whipped  blood  into  the  aorta  un<1er  a 
less  force  than  that  exerted  by  the  left  ventricle  during  life 
is  more  than  sufficient  to  drive  it  round  and  back  by  the  venae 
ivae.  Not  infrequently  the  statement  is  made  in  books  that, 
|irobably,  the  systemic  capillaries  Iiave  an  attractive  force  for 
arterial  blood  and  the  pnlmonary  capillaries  for  venous  blood, 
^but  there  is  not  the  slightest  evidence  of  the  correctness  of 
|ucb  a  supposition,  nor  any  necessity  for  making  it. 
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The  Influence  of  Gravity.  Under  ordinary  circum- 
stances this  may  be  neglected,  since  in  parts  of  the  Body 
below  the  level  of  the  heart  it  will  assist  the  flow  in  the  ar-. 
teries  and  impede  it  equally  in  the  veins,  while  the  reverse 
is  the  case  in  the  upper  parts  of  the  Body.  In  certain  cases, 
however,  it  is  well  to  bear  these  points  in  mind.  A  part 
"congested  "  or  gorged  with  blood  should  if  possible  be  raised 
so  as  to  make  the  back-flow  in  its  veins  easier;  and  sometimes 
when  the  heart  is  acting  feebly  it  may  be  able  to  drive  blood 
along  arteries  in  which  gravity  helps,  but  not  otherwise.  Ac- 
cordingly in  a  tendency  to  fainting  it  is  best  to  lie  down,  and 
make  it  easier  for  the  heart  to  send  blood  up  to  the  brain, 
bloodlessness  of  which  is  the  cause  of  the  loss  of  consciousness 
in  a  fainting-fit.  In  fact,  so  long  as  the  breathing  continues, 
the  aspiration  of  the  thorax  will  keep  up  the  venous  flow  (see 
below),  while,  in  the  circumstances  supposed,  a  slight  dimi- 
nution in  the  resistance  opi>osed  to  the  arterial  flow  may  be 
of  importance.  Ilie  head  of  a  person  who  has  fainted  should 
accordingly  never  be  raised  until  he  has  undoubtedly  recov- 
ered, a  fact  rarely  borne  in  mind  by  spectators,  who  commonly 
rush  at  once  to  lift  any  one  whom  they  see  fall  in  the  street 
or  elsewhere. 

The  Influence  of  Transient  Compression  of  the  Veim?. 
The  valves  of  the  veins  being  so  disposed  as  to  permit  only 
a  flow  towards  the  heart,  when  external  pressure  empties  a 
vein  it  assists  tlie  circulation.  Continuous  pressure,  as  by 
a  tight  garter,  is  of  course  bad,  since  it  checks  all  subsequent 
flow  through  tlie  vessel;  but  intermittent  pressure,  such  as  is 
exerted  on  many  veins  by  muscles  in  the  ordinary  move- 
ments of  the  Body,  acts  as  a  pump  to  force  on  the  blood  in 
them. 

The  valves  of  the  veins  have  another  use  in  diminishing 
the  pressure  on  tlie  lower  part  of  those  vessels  in  many 
regions.  If,  for  instance,  there  were  no  valves  in  the  long 
saphenous  vein  of  the  log  the  considerable  weifi:ht  of  the 
column  of  blood  in  it,  which  in  the  erect  position  would  be 
about  a  metre  (39  inches)  liigh,  would  press  on  the  lower  part 
of  tlie  vessel.  But  each  set  of  valves  in  it  carries  the  weight 
of  the  column  of  blood  between  it  and  the  next  set  of  valves 
above,  and  relieves  parts  below,  and  so  the  weight  of  the  col- 
umn of  blood  is  distributed  and  does  not  all  bear  on  any  one 
point. 
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Aspiration  of  the  Thorax.  Whenever  a  breath  is  drawn 
'  *^  ^  pressure  of  the  air  on  the  vessels  insiile  the  chest  is  di- 
'"•^iDished,  while  that  on  the  other  vessels  of  the  Body  is  un- 
^ 'Ejected.  In  consequence  blood  tends  to  flow  into  the  chest. 
^^  cannot,  however,  flow  back  from  the  arteries  on  aeeount  of 
"^^e  seoiilunar  valves  of  the  aorta,  but  it  can  readily  be  pressed, 
^^^^r  in  coraraon  language  **siR'ked/'  into  the  great  veins  close 
^r»  the  heart  and  into  the  right  auricle  of  the  latter.  The 
details  of  this  action  must  be  omitted  until  the  respiratory 
mechanism  has  been  considered.  All  parts  of  the  pulmonary 
circuit  being  within  the  thorax,  the  respiratory  movements  do 
not  directly  influence  it,  except  in  so  far  as  the  distention  or 
collapse  of  the  longs  alters  the  calibre  of  their  vessels. 

The  considerable  influence  of  the  respiratory  movements 
n[ion  the  venous  circulation  can  be  readily  observed.  Iii 
thin  persons  the  jngular  vein  in  the  neck  can  often  he  seen 
U)  empty  rapidly  and  colhipse  during  inspiration,  and  All  up' 
in  a  very  noticeable  way  during  expiration,  exliibitittg  a, 
mil  of  venous  pulse.  Every  one.  t^o,  knows  thut  by  making 
a  violent  and  proton geil  expiration,  as  exhibited  for  example 
by  a  child  with  whooping-cough,  the  flow  in  itU  the  veins  of 
the  head  and  nock  may  be  cbecked,  causing  them  to  swell  up 
and  hinder  the  capillary  ciicnhttion  until  the  person  becomes 
*•  bhick  in  the  face,"  from  the  engorgement  of  tlie  small  ves- 
sels with  dark-colored  venous  hlowL 

In  disciises  of  the  tricuspid  valve  another  form  of  venoua 
pulse  is  often  seen  in  the  superficial  veins  of  the  neck,  since 
at  each  contraction  of  the  right  ventricle  some  blood  is  driveo 
back  through  the  right  auricle  into  the  veins. 

Proofs  of  the  Circulation  of  the  Blood.  The  ancient 
physiologists  believed  that  the  movement  of  the  blood  was  an 
g^yb  wi4  flow,  to  and  from  each  side  of  the  heart,  and  out  and  in 
by  both  arteries  and  veins.  They  hud  no  iiUa  of  a  circulation, 
but  thought  plireiilowl  was  formed  in  the  lungs  and  ifttjime 
tn  the  irvojw  and  that  these  partially  mixed  in  the  heart 
through  minute  pores  supfiosed  to  exist  in  the  septum. 
Servetus,  who  wiis  burnt  alive  by  Calvin  in  1553,  first  stated 
thiit  there  wag  a  continuons  pjis.^age  tli rough  the  lungs  from 
the  pulmonary  artery  to  the  pulmonary  veins,  but  the  great 
Englishman  Harvey  first,  in  lectures  delivered  in  tbe  College 
of  Physicians  of  London  about  1  Git],  demonstrated  that  the 
movement  of  the  blood  was  a  continuous  circulation  as  we 
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now  know  it,  and  so  laid  the  foundation  of  modern  Physi- 
ology. In  Ilia  time,  however,  the  capillary  vessels  hjul  not 
been  discovered,  so  that  althongh  he  was  quite  certain  that 
the  blood  got  somehow  from  the  final  branches  of  the  aorta  to 
the  radicles  of  the  venous  system,  he  did  not  exactly  know 
hotc. 

The  proofs  of  the  course  of  the  circulation  are  at  preiitMit 
quite  conclusive,  and  may  be  summed  up  as  follows:  (1) 
Blood  injected  into  an  artery  in  the  dead  Body  will  return  by 
a  vein;  but  injected  into  a  vein  will  not  pass  back  by  an 
artery.  (2)  The  anatomical  arrangement  of  the  valves  of  the 
heart  and  of  the  veins  shows  that  the  blood  can  only  flow 
from  the  heart,  through  the  arteries  and  back  to  the  heart  by 
the  veins.  (3)  A  cut  artery  spurts  from  the  end  next  the 
heart,  a  cut  vein  bleeds  most  from  the  end  farthest  from  the 
heart.  (4)  A  portion  of  a  vein  when  emptied  fills  only  from 
the  end  farthest  from  the  heart.  This  observation  can  be 
made  on  the  veins  on  the  back  of  the  hand  of  any  thin  per- 
son, especially  if  the  vessels  be  first  gorged  by  holding  the 
hand  in  a  dependent  position  for  a  few  seconds.  Select  then 
a  vein  which  runs  for  an  inch  or  so  without  branching,  place 
a  fin<rer  on  its  distal  end,  and  then  empty  it  up  to  its  next 
branch  (where  valves  usually  exist)  by  compressing  it  from 
below  up.  The  vessel  will  then  be  found  to  remain  empty  as 
long  as  the  finger  is  kept  on  its  lower  end,  but  to  fill  im- 
mediately when  it  is  removed ;  which  proves  that  the  valves 
prevent  any  filling  of  the  vein  from  its  heart-end  backwards. 
(5)  If  a  bandage  be  j placed  around  the  arm,  so  as  to  close  the 
superficial  veins,  but  not  tight  enough  to  occlude  the  dee})er- 
seated  arteries,  the  veins  on  the  distal  side  of  the  bandage 
will  become  gorged  and  those  on  its  proximal  side  empty, 
showing  again  that  the  veins  only  receive  blood  from  their 
ends  turned  towards  the  capillaries.  ((5)  In  the  lower  animals 
direct  observation  with  the  microscope  shows  the  steady  flow 
of  blood  from  the  arteries  through  the  capillaries  to  the  veins, 
but  never  in  the  opposite  direction. 
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'^^n  NERVES  OF  THE  IIExVRl;   AND  SOKE  PHVSIOIX>QI- 

GAL  PECULIAKJTIES  OF  CARDIAC  MUSCLE. 

The  Co-ordination   of  Heart   and  Arteries,     We   have 

*>ithertn  I'oiisidereil  tlie  workint:^  of  tlie  vasciihir  systeni  as  if 

*t  were  n  men'  iiiecbuiiiciil  liytinudit.:  uppamtiis;  utvd  sucli  in 

H  c!«rtain  sense  it  is,  and  by  so  reganlnitr  it  many  of  the  phe- 

tlomeiia  of  tlie  blnrjtKfl<nv  can  be  expluiiieil.     Hut  life  is  a 

<5nnst»nt   a<ljustnient  t(i   runstjiiitly  varying  coruiitions,  lyul 

the  higher  the*  organ iaiu  the  more  nnmeroiis  t]w  cutjLlitions 

whif*h  intiuenne  it  ami  the  greater  its  power  of  adapting  itself 

to  thetn;  and  this  adaptaldlity,  this  continnous  self-ad just- 

menl,  h   nt^wbere   better   exhibitod   than   in   the   heart   and 

bluod'VehSels. 

The  object  to  he  attained  is  the  maintenance  of  an  orderly 
current  in  the  eapilhiries  in  accorilanee  with  the  needs  of  the 
wliole  Body  ami  of  each  of  its  organs  at  the  time,  lids 
clearly  calls  for  some  means  of  iuturactioii  between  heart  an.^ 
blr>od- vessels:  ahonld  the  heart  beat  and  the  arteries  relax  or 
contract,  each  without  reference  to  the  other,  no  steady  capil- 
lary How  coiilil  result.  To  secure  such  a  flow  the  work  done 
by  the  heart  and   the  resistance  offered  in  the  vessels  must 

all  times  be  correlated ;  so  that  the  heart  shall  not 
y  to<»  jjowerful  action  over-distend  or  perhaps  burst  the 
small  arteries,  nor  the  latter  contract  too  much  and   so,  by 

^ increasing  the  peripheral  resistance,  raise  aortic  pressure  to  a 
great  heigiit  and  increiise  unduly  the  work  to  be  done  by  the 
•left  ventricle  in  forcing  open  the  sefnilunar  valves. 
Further,  the  total  amoiml  of  hlotnl  in  the  Body  is  not  suffi- 
cient to  keep  !tll  its  organs  simultaneously  supplied  with  the 
amount  needful  for  the  full  exercise  of  their  activity;  in  fact 
the  hk<uiUvBBi**Is  of  the  spleeu,  liver,  and  alimentiLry  canah  if 
all  fully  distended,  can  themselves  ixmLain  almost  the  whole 
blood  of  the  Body^so  that  by  paralyxiug  their  coats  iu  an  animal 
it  can  be  caused  to  faint,  or  even  be  killed,  by  what  has  been 


n 


254  THE  HUMAN  BODY. 

called  an  ''  internal  bleeding/'  due  to  the  accumnlation  of  so 
much  blood  in  the  vessels  of  the  abdomen  that  not  enough  is 
left  over  for  the  supply  of  the  brain  and  other  parts.  In  the 
Body,  accordingly,  we  never  find  all  its  parts  hard  at  work  at 
the  same  moment.  If  when  one  group  of  muscles  was  set  at 
work  and  needed  an  extra  blood -supply,  this  should  be  pro- 
vided merely  by  increasing  the  heart's  activity  and  keeping 
up  a  faster  blood-flow  everywhere  throughout  the  Body, 
there  would  be  a  clear  waste — much  as  if  the  ^ihandeliers 
in  a  iiottfl©  were  so  arranged  that  when  a  larger  flame  was 
wanted  at  one  burner  it  could  only  be  obtained  by  turn- 
ing more  gas  on  at  all  the  rest  at  the  same  time;  besides  the 
hig  lap  at  the  gas-meter  regulating  the  general  supply  of  the 
house,  local  ta|>fl  at  each  burner  are  required  which  regulate 
the  gas-supply  to  each  flame  independently  of  the  others.  A 
corresponding  arrangement  is  found  in  the  Body.  Certain 
nerves  control  the  calibre  of  the  arteries  supplying  different 
organs  and,  when  the  latter  are  set  at  work,  cause  their  arte- 
ries to  dilate  and  so  increase  the  amount  of  blood  flowing 
through  them,  while  the  general  circulation  elsewhere  re- 
mains practically  unaffected.  The  resting  parts  at  any  mo- 
ment thus  get  enough  blood  to  maintain  tlveir  healthy  nutri- 
tion and  the  working  parts  get  tlie  larger  quantity  required  to 
make  good  used-up  material  and  to  wash  out  wastes:  as  certain 
organs  come  to  rest  and  others  are  set  in  activity,  the  arteries 
of  the  former  narrow  and  of  the  hitter  dilate;  in  this  way  the 
distribution  of  the  blood  in  the  l^ody  is  undergoing  constant 
changes,  parts  wliich  at  one  time  contain  much  blood  at  an- 
other having  but  little.  In  addition,  then,  to  nervous  organs 
regulating  the  work  of  the  heart  and  the  arteries  with  refer- 
ence to  one  another,  we  have  to  consider  another  set  of  vascu- 
lar nerves  which  govern  the  local  blood-supply  of  different 
regions  of  tlie  Body.  How  important  this  is  may  be  illus- 
trated by  considering  what  happens  when  the  surface  of  the 
Body  is  exposed  for  some  time  to  cold.  The  skin  normally 
contains  much  blood,  brought  to  it  in  part  to  be  cooled ;  but 
under  the  supposed  conditions  the  loss  of  heat  would  soon  be 
so  great  as  to  bo  harmful  did  not  small  arteries  of  the  skin 
contract,  as  is  indicated  by  its  pallor,  and  thus  lessen  the 
blood-flow  through  it.  This  contraction  is  not  chiefly,  if  at 
all,  due  to  direct  action  of  the  cold  on  the  vessels,  but  to  the 
stimulation  of  cutaneous  afferent  nerves  which  excite  a  nerve- 
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v^oentre  fro!ii  which  efferent  impulses  are  in  turn  sent  to  the 
muBcular  coat  of  the  culaneous  arteries.  The  blood  driven 
from  the  skin  mnst  find  a  place  elsewhere  in  the  circulatory 
sjstem,  iind  so  interTial  organs  tend  to  become  over-full  and 
at  the  same  time  general  ji^terial  pressnre  is  nrfsmL  This, 
again  through  nerves,  acts-tfpon"^the  heart,  and  alters  its  rate 
of  bent  for  a  time.  Bnt  in  healtli  isome  internal  arteries  soon 
'^Matfi-^H *fi^^^iivtl J  jn^f^nmiipngjit^^  f^jc  (.he  constnctioii  of  the 
surface  vessels,  and  arterial  pressnre  and  tlio  pulse  again  be- 
come Dortnal^  though  with  a  less  proportion  of  the  total  blood 
flowing  throngh  the  skin  than  before:  this  readjustment  is 
brought  about  entirely  throngh  nerves  and  nerve-centres 
plaeLtig  all  the  arteries  in  connection  with  one  another  jtnd 
with  the  heart,  so  that  they  exert  a  mntiud  control  If  the 
coM  be  not  too  prolonged  its  cessation  is  followed  by  a  retnru 
of  the  blood-flow  to  its  original  condition,  thi«  action  being 
brought  about  by  cardiac  and  vascular  nerve  apparatnges.  W© 
have  to  mainly  consider  in  this  and  the  succeeding  chapter 
the  nerves  which  regnlatc  tire  heart-!>eat  and  those  which  in- 
fluence the  calibre  of  arteries;  bnt  it  is  necessary  nrst  tostndy 
the  muscular  tissue  of  the  heart  more  thoroughly  than  we  have 
hitherto  done. 

Some  Physiological  PeculiaritieB  of  Cirdiac  Muscle. 
We  have  already  seen  that  the  muscular  tissue  of  the  heart, 
though  striped,  differs  considerably  in  strncture  from  the 
tissue  of  the  skeletal  muscles:  it  differs  also  sumewluit  in 
properties,  and  as  the  latter  ditTerences  can  be  most  readily 
Btadied  on  the  heart  of  the  frog,  which  will  beat  for  a  long 
time  after  excision,  it  will  be  best  to  commence  with  that* 
The  frog^'fl  heart  consists  of  four  contractile  chambers  through 
which  the  blood  flows  successively,  as  is  indicated  in  the  dia- 
Uk  Fig.  DO,  in  which  no  attempt  has  t>cen  made  to  indicate 
#tMStual  appearance  of  the  organ,  which  is  in  fact  curved 
on  itself  somewhat  in  the  form  of  a  capitals:  (see  Z,  Fig.  !>f*), 
And  this  is  also  the  shape  of  tlie  mammalian  heart  in  an  early 
stage  of  embryonic  development.  The  main  chambers  are 
incompletely  separated  by  constrictions,  at  some  of  which 
valves  are  placed,  and  are  in  onier — tlie  reuons  sinns^  A, 
receiving  blood  from  the  systemic  veins;  the  atrium,  consist- 
ing of  two  auricles,  /?,  T,  of  which  the  right  is  much  the 
larger  and  is  supplied  from  the  sinus,  while  the  left  gets  blood 
from  the  small  pulmonary  veins,  pv;  the  ventricle^  7>,  sup- 
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plied  from  both  auricles  and  having  projecting  into  it  the  two 
flaps  of  the  auriculo-ventricular  valve,  which  are  continued 

from  the  end  of  the  septum 
or  partition  lying  between 
the  auricles;  the  bulbus  ar 
teriosufiy  E^  from  which  the 
fi^iatAaiic  and  {^wlawpary  ai  le- 
ries  are  supplied.  To  describe 
the  very  interesting  macban- 
ism  by  which  the  aiterial  and 
venous  blood  supplied  to  the 
single  ventricle  are  kvpi  m^ 
arate  and  sent  from  the  arte- 
rial bulb  through  different 
channels  would  take  us  be- 
yond the  limits  ot  this  book, 
but  it  is  well  worth  study  in 
eome  treatise  on  comparative 
physiology. 

The  muscular  tissue  of  the 
frog^s  heart  consists  of  cells 
which  are  in  form  somewhat 
like  those  of  involuntary  mus- 
cle, but  they  are  frequently 
forked-  f^^ieii'  mids,  and  they 
arc  obeoHi^ly  orooo  otiriped 
like  human  cardiac  muscle 
(Fi<^.  123).  The  main  thick- 
ness of  the  walls  of  all  the 
cliambers  of  the  heart  consists 
of  this  muscle,  and  is  known 
as  tlie  myocardium.  It  com- 
mences on    the  ends  of   the 

Ho.W.-Diajjrramof  the  frojf's  heart.   „^.^j,«.    vpi'tk;    nt^nr   wliPrp    tliPV 
A,  venous  sinus;  B,  L\  riKht  and  left  au-  groac    VCIUS    near    WUCre    lUe} 

ricies.tosrether  forming  tht-atriuiiKpr.,  A^'^^^  the  heart,  and  is  theucc 

pulmonary  veins:  a,  «,  constrictmn  Jie-  J^*'*  ^^*^  i^v^t**  u,  %m,^^  *o  viav.>.xxv 
tween  sinus  and  atrium:  /),  ventricle ;  continued  tO  the  rOOtS  of  the 
V.  <;,    constriction  inftween    nuricU'S   and 

ventricifs;  i.  Muricuio- ventricular  valve:  crreat  arteries  arisiufif  from  the 

K.  arterial   bull»:    /',   pneumojfastric  or  f  i      i  •     •     .i  •    '  zi 

vajfus  nerve:  N.  sympathetic  nerve:  A',  bulb;  but  it  IS  thinner  at  the 
cardiac  nerve  eontaininjr  fibres  from  lK)th              ^    •    .•  i  •    i       i«         i 

va^us  and  sympathetic.  Z  shows  the  COUStriCtlonS  WhlCh  lie  bC- 
natural    relative    positions   of  the   chief   .  .i  .  •fi,\ 

chambers  of  the  heart:  r/,  vena  cava;  e.   tWCCU  tllO  main    CaVltlCS  than 
.s:/./.  auricles;;.,  ventricle;  ^ig^^jj^, 

ranged   in  rings  around  the  oj)enings. 


r;?tTrilnmi\^^^  and    there   is   ar- 
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A  single  nerve,  X,  goes*  to  tlie  liciirt  from  each  sitle  (only 
that  of  the  right  side  k  represented  in  the  diagram).  This 
nerve  is  usimlly  spoken  of  us  the  eardiac  branch  of  the  vagus 
or  pneiimogustric,  P,  but  it  is  partly  made  np  of  tihres  from 
the  sympathetic  nerve,  N,  \v!iieh  Join  the  pMeuinogastrie  close 
to  the  skull  and  run  on  with  its  eardiac  hran{!lK  the  two  form- 
ing the  apparently  t^ingle  nerve- trunk,  iV,  which  runs  to  the 
Teuoufi  sinus,  breaking  up  near  it  into  several  tvvig*^.  On  these 
twigs  and  in  the  plextis  wliich  they  form  in  the  wiill  of  tlie  sinus 
are  jinmerous  nerve -ctUs,  forndug  the  fH-uiu^^fH/liint  or 
^inf/iion  of  lieviak.  From  the  sinus  nerves  run  down  the 
trails  of  the  auricles  to  tlie  auriculo  ventricular  groove,  y,  and 
two  comparatively  large  twigs  pass  down  the  auricular  septum 
to  the  region  of  tlie  valve,  /,  and  there  cuter  a  collection  of  nerve 
cells  which,  with  other  cells  lying  in  the  groove,  constitnte  the 
<iiiiiiiin*/ii  mntf  JTirffrrfm  3nlder^»  gaugUon,  From  that  gan- 
glion nerves  are  continued  to  the  wall  of  the  ventricle,  and 
near  its  base  have  nerve-ceHs  mixed  with  tlieni.  A  few 
Brve-cells  are  also  found  among  the  fibres  running  down  the 
rttricular  septum:  in  the  apex  of  the  ventricle,  however,  and 
in  the  bulb  there  are  no  ganglion-cells,  though  nerve-libres 
•are  present-  We  find  then  a  coneiderahle  collec'tiou  of  uerve- 
Cells  in  the  walls  of  the  venous  sinus,  a  few  cells  in  the  au- 
ricular septum,  a  considerable  collection  at  the  junction  of 
itrinm  with  ventricle,  and  a  few  snnttered  cells  in  the  neigh- 
^fcoring  porticjns  of  tlic  ventricle.  Tlie  cells  of  the  ganglion 
(if  fiurilSlk  and  some  of  those  in  the  septum  belong  to  a  type 
differing  somewhat  from  those  hitherto  described.  Each  is 
p>aP'olnt]>ed,  and  has  a  conspicuous  nucleus  with  a  nucle- 
olus; from  the  narrow  end  of  the  cell  proceeds  a  branch 
which  ultimately  becomes  the  axis  cylinder  of  a  nTeduHated 
nerve-fibre.  Another  branch  arises  by  two  or  more  roots 
which  coil  spirally  around  the  straight  branch,  and  finally 
unite  and  proceed  asHi-  no n-ftT^d i\ It/Ited  fibre*  MtH*t  of  the 
remaining  nerve-cells  of  the  frogs  heart  are  spindle-shapei], 
and  receive  a  nerve-fibre  at  one  end  and  give  one  olf  at  the 
other.  They  are  known  as  hifrnkpr  cells.  The  cardiac  nerve, 
A\  Fig-  1*9,  contains  both  gray  and  meduUated  fibres,  the 
latter  coming  entirely  or  almost  entirely  from  its  vagus  root; 
as  the  fibres  passing  on  from  the  sinus  ganglion  to  the  gan- 
glion of  Bi<lder  contain  very  few  mcdullated  fibres,  it  is  prob- 
nble  that  many  of  the   vagus  fibres  end  in  the  pear-shaped 
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cells  from  which  gray  fibres  are  given  off  to  the  rest  of  the 
heart,  mingled  with  the  original  gray  fibres  derived  from  the 
sympathetic:  in  the  ventricle  and  bulb  only  non-meduUated 
fibres  are  found. 

The  Beat  of  the  Frog's  Heart.  When  both  cardiac 
nerves  are  cut  in  a  frog  the  heart  continues  its  regular  rhyth- 
mic beat,  as  it  does  also  when  carefully  removed  from  the 
body  of  the  animal:  this  makes  it  clear  that  whatever  initi- 
ates the  beat  lies  in  the  heart  itself,  which  must  therefore  be 
regarded  as  an  automatic  organ;  but  leaves  it  still  uncertain 
whether  the  exciting  cause  of  each  beat  is  to  be  sought  in  the 
nervous  elements  of  the  heart  or  in  the  cardiac  muscle  itself. 
Arguing  from  the  analogy  of  ordinary  striped  muscle,  which 
is  not  automatic,  one  would  be  inclined  to  ascribe  to  the 
nerve-cells  of  the  isolated  heart  the  origination  of  nervous 
impulses  for  the  myocardium,  and  certain  experiments  tend 
to  support  this  view;  but  cardiac  muscle  differs  considerably 
from  the  skeletal  muscles  in  its  histology,  so  it  is  unsafe  to 
argue  from  one  to  the  other,  and  some  experiments  show  that 
we  must  ascribe  to  it,  in  addition  to  contractility,  a  certain 
amount  of  automaticity  and  of  conductivity  and  co-ordinating 
power.  In  physid^ieftl  properties  it  coinbittoa  the  character- 
istic properties  of  fully  differentiated  nofvo  ooll  mu^  <»erve- 
fibre  with  tkaee  of  miwole-fibre. 

Eiich  beat  of  the  heart  of  the  frog  can  be  seen  to  com- 
mence wliere  the  groat  veins  enter  the  venous  sinus,  and  from 
there  to  s))ri'iid  rapidly  over  the  whole  sinus;  then  there  is  a 
brief  check,  and  tlie  atrium  beats;  then  another  check,  fol- 
lowed by  the  beat  of  the  ventricle;  finally,  again  after  a  very 
sliort  pause,  conies  the  contraction  of  the  arterial  bulb:  then 
the  series  of  phenomena  is  repeated  in  the  same  unvarying 
order  as  l()n<r  as  the  heart  is  in  good  condition  and  is  left  to 
itself.  The  fact  that  each  cycle  of  contractions  Iwgins  at 
the  mo»th«  ofthB  Tf wff»  4^^m»  and  the  sinus,  where  noFve  eolls  j^\ 
are  very  numerous,  and  passes  on  to  the  "tntrinlf,  where  they 
are  few-,  and  tot  lie  bulb,  where  there  are  none,  has  been  taken 
as  an  evidence  of  the  origination  of  each  beat  through  o^imwU 
developed  in  cardiae-«erve-eeHs ;  and  this  opinion  gains  sup- 
r  r^*«  P^**^  from  what  is  usually  seen  on  an  excised  heart  when  it  is 
\.^  gradually  <JyTn^.  The  bulb  and  ventricle  cease  to  beat  first, 
then  the  auricles,  last  the  sinus,  and  this  although  the  ven- 
tricle may  still  be  contractile  and  able  to  give  a  good  beat  or 
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several  beats  when  directly  stimulated,  us  by  iiricking 
or  by  induct  ion  i^hocks.  The  loss  of  ii'ritability  m  the 
heart  dies  also  usually  appcar8  in  the  fiame  order:  when  the 
ventricle  and  auricle  have  both  coaled  to  beat,  it  is  frequently 
j>ossibIe  to  excite  the  auricle  by  a  direct  etimulation  which  is 
werlctis  when  applitd  to  the  ventricle;  and  when  the  whole 
rt  has  ceased  to  pulsate  the  venous  sinus  will  sometimes  re- 
«fK)nd  to  direct  stimulation  when  auricle  and  ventrJele  will  not. 
tStill  further,  if  the  heart  be  carefully  divided  at  the  level  «a, 
Fig.  99,  so  as  to  sejuinite  the  sinus  from  the 
rest,  I  he  usutil  result  is  that  the  sinus  goes  on 
beating,  but  the  rest  of  the  heart  lies  for  a 
time  at  rest:  soon  it  begins  to  beat  quite 
Thythmicaliy,  but  at  a  slower  rate  than  the 
separated  sinuis.  If  tbe  cross-section  be  made 
at  the  level  ffff  so  as  to  separate  the  sinus  and 
auricle  from  the  rest,  they  go  on  beating,  but 
the  ventricle  and  bulb  usually  lie  quiescent 
for  a  considerable  time,  and  tfien  cummence. 
On  account  of  the  anatomical  relations  of  tbe 
|>arts  {Zt  Fig.  91>)  it  is  not  possible  to  com- 
plefely  separate  the  ventricle  from  the  sinus  of  1"  piTrtr»mn*^caa! 
without  doing  injury  to  the  farmer;  but  if  2t?jla,ateli  ITii^x  *  of 
the  lower  third  of  the  ventricle  (which  con-  {r^^rumrlV^^ 

ftaitis  no  nerve-cells)  be  cut  off  from  the  rest  f^'^^' P,Zki!f  ftl^H^h 
of  tl^e  heart  along  the  line  oo,  this  sejiarated  }}Jw*^'2v*iJon  of  c«n^ 
portion  never  begins  to  beat  spontanenusly,  ""i* 
though  the  remainder  of  tbe  heart  continuea  its  pulsations. 
So  fur  the  case  for  the  view  that  the  nerve-cells  take  the  in- 
itiative in  the  changes  which  result  in  a  normal  beat,  and 
that  ciu'diac  muscle  is  not  automatic,  is  a  strong  one;  but 
othtsr  facts  show  that  it  cannot  be  accepted  without  modifi- 
cation. 

Although  the  separated  apex  of  the  ventricle  of  the  frog,k 
left  to  itself,  does  not  beat,  yet  it  can  be  made  to  beat  without  1 
the  application  to  it  of  anything  that  we  are  jusitlied  iti  call-  1 
ing  a  stimulus:  it  does  under  certain  conditions  exhibit  auto- 
maticity.     If  it  be  tied  on   the  end  of  a  tube  divided  hy  a 
partition  (Fig-  100),  and  some  blood  or  blood-serum  be  circu-* 
lated  through  it,  in  from  a  and  out  by  h,  under  a  slight  press- 
ure, this  bit  of  ventricle,  devoid  of  nerve  cells,  after  a  time 
begins  to  beat  rhythmically.     It  has  been  suggested  that  in 
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this  case  the  distensiou  of  the  muscle  or  some  chemical  con- 
stituent of  the  liquid  acts  as  a  stimulus;  but  in  no  otbor 
niUBfle  do  wo  find  bleod-Aupply  or  mere  afcretobittg  ae^  as  a 
stimulus,  and  if  they  are  to  be  assumed  as  so  acting  in  this 
case  their  action  is  uniform,  while  the  resulting  contractions 
are  interrupted  and  rhythmic:  moreover,  they  are  UMMPdi- 
nated;  tliey  are  not  irregular  twitches  first  of  one  bundle  of 
the  myocardiac  fibres  and  then  of  another,  but  duly  combined, 
so  118  by  their  mutual  action  to  empty  the  cavity  they  surround. 
The  evidence  thus  obtained  as  to  the  possession  of  some  auto- 
matic and  some  co-ordinative  properties  by  the  frog's  cardiac 
muscle  is  strengthened  by  experiments  on  the  hearts  of  tor- 
toises and  terrapins.  In  those  animals  the  apical  portions  of 
tlie  ventricle  are  devoid  of  nerve-cells,  yet  narrow  strips  of 
them  hung  up  and  slightly  loaded  will  usually  begin  to  beat 
after  a  time.  If  they  do  not,  all  that  is  necessary  is  to  stimu- 
late them  rhythmically  for  a  short  time;  then  on  ceasing  the 
stimulation  the  rhythmic  contractions  continue.  Here,  no 
doubt,  the  loading  is  a  favoring  condition,  but  so  it  is  for  the 
activity  of  ordinary  muscles,  on  which,  nevertheless,  it  does 
not  act  as  a  stimulus. 

The  coiitlwoM^n  to  which  we  are  led  is  that  the  muscle- 
cells  of  the  frog's  heart  have  retained  to  some  extent  those 
automatic  and  w-uidiiiating  faculties  of  midiiTeieiitfateii 
protojJiWifr  which  the  more  higlily  evolved  fibre  of  skeletal 
muscle  has  lost.  We  find  in  tlie  presence  of  certain  of  the 
nerve-cells  of  tlie  heart  a  highly  favorable  condition  for  the 
exhibition  of  those  powers:  the  nerve-elements  perhaps  influ- 
ence the  nutrition,  })erhaps  in  some  other  mode  affect  the 
molecular  stru(;ture  of  the  muscle-cells  connected  with  them 
so  as  to  favor  spontaneous  contraction,  but,  like  stretching 
the  isolated  strip  of  ventri(»le,  they  merely  bring  about  a  state 
of  things  promoting  the  exercise  of  powers  inherent  in  the 
cardiac  nnisi^le  tissue  itself. 

The  evidence  as  to  the  autoniaticity  of  the  muscle  of  the 
mammalian  heart  is  not  quite  as  full  as  in  the  case  of  the  frog. 
In  it  also  there  are  collections  of  ganglion-cells  where  the 
great  veins  join  the  auricles  and  near  the  base  of  the  ventri- 
cles; but  there  are  others  in  the  aj)ical  region  of  the  ventricles, 
so  it  is  not  jmssible  to  examine  an  isolated  apex  free  from 
ganglion-cells  as  it  is  in  the  frog.  The  musculature  of  the 
auricles  is  prolonged  for  some  little  way  on  the  ends  of  the 
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V(n(B  cavw  and  the  jnilinoiKiry  veins,  and  tliere  each  norriiiil 
beat  commenees,  the  contraction  spreading  rapidly  over  the 
whole  ftiiricle  and  thence  to  the  ventricle  withont  the  brief  in- 
lermediate  jiaiiee  observable  in  tlie  frog.  In  the  m}unniul,also» 
llm  vcntriclea  if  supplied  with  bluod  from  the  anricles  go  on 
tettting  although  all  nerve  and  muacnhu-  continuity  between 
unriele  and  ventricle  lias  been  destroyed,  by  passing  rigid  tnhes 
Ui rough  the  auricnlo-ventriciilar  opejdngs  and  then  tying  a 
ligature  tight  on  the  notside  of  I  he  heart  along  the  aurienlo' 
ventricular  groove,  so  lu  to  crush  the  tissues  between  the 
string  and  tlie  tubes.  If  the  ligatures  be  so  placed  as  not  to 
impede  the  flow  in  the  coronary  vessels  the  ventritles  beat 
long  and  powerfully,  but  with  n  rhytfnn  indepetnlent  of  lljut 
of  the  auricles  and  usually  slower.  Also  wlien  ilie  mammalian 
heart  is  dying  slowly,  as  in  a  suffocated  animal,  Ihc  auricles 
ujiually  continue  to  beat  after  the  veirtriele  has  ceased,  the 
small  dogVear-gha])ed  projection  of  the  auriclcB  (which  it 
may  be  noted  has  given  its  name  to  the  whole  mi  rich')  usually 
being  the  last  portion  to  come  to  rest,  especially  that  on  the 
right  side,  which  was  accordingly  named  ultima  uiorie)fs  by 
the  old  physiologists.  On  the  whole  Ave  are  perhajts  Justified 
in  assuming  that  the  myocarthuiu  of  the  innmnml  is  autonuitic, 
like  that  of  the  frog,  and  that  in  it  also  the  presence  and 
influence  of  gnnf»1ii»n  gaUs  fnrm  the  production  of  a  twnt* 
but  do  D4>tittitiAie  it. 

The  ?nuscle  of  the  frog's  heart  is,  we  have  seen,  co-ordi- 
native:  the  isolated  ventricular  apex  can  perform  a  regular 
beat.  It  is  probable  that  this  is  not  the  case  in  the  mammal. 
When  a  dog's  heart  is  injured  the  ventricles  soTuctimes  cease 
to  give  true  beats  though  the  muscle  bumlles  constituting 
them  go  on  contracting,  but  it  is  ivith  no  combined  action 
guch  ad  would  empty  the  ventricle.  Irregular  and  useless 
contractions  travel  simultaneously  over  the  myocardiuiu  in  , 
^various  ilirections.  so  that  tlie  whole  nmss  seems  trembling,   -  ^ 

9ach  a  state  (known  as  ''flbrillup  6»nll>woit<m  '')  is  especially  H'^^^'^''^^  ^^ 
apt  to  follow  wtmnds  in  the  region  of  the  mmn  n  rr  ^>4r  u  n  k  8  AtJ^Jil^jj^ 
running  di»wn  the  ventricles  alongside  the  larger  branches  of     i    ^j 
the  coronary  arteries,  and  is  probably  due  to  the  injury  of  some  fy       Ti^ 
nervous  apparatus  concerned  in  securing  the  proper  co-ordi- '-  wrp*^e 
nated   eon  tractions  of   the  normal   beat.      In   many  other 
regions  wounds  may  be  inflicted  on  the  vctitricle  with  con- 
siderable impunity. 
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The  Heart-beat  is  not  a  Tetanic  Contraction.  We  have 
seen  that  it  is  possible  by  rapidly  succeeding  stimuli  to  throw 
the  skeletal  muscles  into  a  prolonged  and  apparently  contin- 
uous contraction,  and  that  there  is  good  reason,  afforded  by 
the  phenomena  of  *^  secondary  tetanus/'  for  the  belief  that 
all  norma!  contractions  of  the  voluntary  muscles  are^oioiUUUld 
or  tetaaio  contractions.  This  is  not  the  case  with  the  heart. 
It  is  possible  by  repeated  stimuli  to  hurry  the  beat  of  a  frog's 
UeM4,  but  mi  »<Hie  two  or  more  beats  into  a  single  longer 
uninterrupted  contraction.  And  as  regards  the  normal  beat 
of  the  heart,  experiments  as  to  secondary  tetanus  prove  the 
same  thing.  If  the  heart  of  an  anaesthetized  dog  or  other 
mammal  be  carefully  laid  bare  and  the  nerve  of  a  nerve- 
muscle  preparation  be  laid  on  it,  we  get  for  each  beat  a  single 
twitch  of  tlie  signal  muscle,  and  not  a  short  tetanus  lasting 
as  long  as  the  ventricular  contraction,  such  as  must  arise 
were  this  contraction  tetanic. 

The  Ventricular  Contraction  is  always  Maximal.  It 
has  been  pointed  out  with  reference  to  the  sfcetetal  muscles 
that  within  limits  the  extent  of  a  contraction  voiies  with  the 
stimuluB  used:  a  feeble  stimulus  giving  a  small  contraction, 
a  stronger  a  greater.  This  is  not  the  case  with  cardiac  mus- 
cle. A  (luiescent  ventricle  or  strip  of  ventricle  taken  from 
tlie  lieiirt  of  a  frog  or  turtle  can  often  be  made  to  contract  by 
stininlation;  but  provided  the  stimulus  is  powerful  enough 
to  cause  a  beat  at  all,  it  always  causes  the  fullest  contraction 
the  piece  of  heart  is  capable  of  at  the  time.  Increase  of 
stimulus  causes  no  increase  of  contrantion.  There  is  good 
reason  to  believe  that  in  the  physiological  working  of  the 
ventricles  of  the  mammalian  heart  each  completely  expels 
<luring  its  contraction  all  lhu-4>teod  contained  in  it:  the 
papillary  muscles  pulling  down  the  flaps  of  the  auriculo- 
ventricular  valves  so  that  they  finally  form  a  cone  on  which 
the  rest  of  the  ventricular  boundaries  can  tit  closely  so  {is  to 
obliterate  the  cavity  they  enclose.  This  being  so,  the  quantity 
of  blood  driven  into  the  arteries  by  each  contraction  of  the 
ventricles  depends  on  the  amount  in  the  latter  when  their 
beat  commences.  This  amount  depends  partly  upon  the 
quantity  of  blood  returned  from  the  great  veins  during  the 
preceding  diastole  and  partly  upon  the  force  with  which 
the  auricles  contract,  for  they,  although  each  contraction  is 
probably  maximal  for  their  condition  at  the  time  being,  do 
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not  completely  empty  thcniBelves  at  each  stroke;  they  ijomc- 
timefi  do  go  more  completely  and  si>metimes  less.  In  this 
niainier  the  wipiekis  can  to  a  great  exleat  r?ofi»raHhe  work 
I  done  by  the  ventricles,  throngh  iutlueiiciuj^  the  ut>t<i>m»t  of 
.Womfin  the  latter  at  the  commencement  of  the  veutricnlar 
systole:  more  complete  relaxation  of  the  auricles  during 
diastole  promotes  inHow  from  the  great  veins,  more  extensive 
contraction  during  uuricnljir  systole  more  completely  fills  the 
ventricles.  As  we  shall  see,  the  force  and  rate  of  the  auricular 
beat  h  mnch  more  under  the  control  of  nerves  reaching  the 
lieart  from  other  pans  tlian  145  that  of  the  ventricles.  The 
amrctes  are  a  leyil-JHIHlp  adjnstitig  their  work,  and  through 
it  the  work  of  the  whole  heart,  10  the  general  condition  of 
the  Body;  the  vea^rirtes' are  a  gixiaaei'  lorcp-pnmp  driving  ou 
whatever  hlood  is  supplied  to  them,  he  it  mnela  or  be  it  little. 
The  Extrinsic  Nerves  of  the  Mammalian  Heart.  A^  in 
the  frog,  these  come  from  two  sources,  at  least  so  far  Jis  iodi* 
cated  hy  gross  anatomy.  Their  exact  anatomical  urrangemcnt 
differs  in  various  mammals,  as  the  rabbit,  dog.  atitl  man,  and 
t%vu  somewhat  in  different  individuals  of  these  species,  but  in 
the  main  is  the  same.  The  pneumogastric  gives  off  from  its 
main  stem  in  the  neck  several  cardiac  branches;  so  do  the 
lower,  cervical  and  the  upjier  thoracic  ganglia  of  tlie  sympa- 
thetic chain.  Both  sets  intenu ingle,  and  near  the  heart  end 
in  plexnsea  containing  nerve-cells;  from  these  plexuses  nerves 
are  distributed  to  that  organ.  In  the  heart  itself,  as  already 
stated,  are  collections  of  ganglion-cells  in  the  auricles  near  the 
end*  of  the  great  veiiii^,  near  the  base  of  the  ventricles,  and  a 
few  cells  scattered  over  tlte  ventricles  even  in  their  apical  re- 
gions. The  nerve-fibres  coming  throngh  the  pnenmogas tries 
are  meduUated  and  consist  of  a  set  of  small  fibres  and  a  grouji 
of  large:  the  smaller  lose  their  medulla  in  ganglion-cells  in  or 
near  the  heart;  the  larger  retain  the  medullar}^  sheath,  and  may 
be  irjiced  even  over  the  ventricles,  which  in  this  respect  differ 
from  that  of  the  frog;  the  fibres  supplied  from  thesympathetic 
are  non-mednllated.  Broadly  speaking,  the  nerve-tibres  fall 
into  three  physiological  sets  corresponding  to  t!ie  three 
aiuUomical  varieties:  the  small  medullated  fibres  are  effer-^.f.l^ 
ent  and  isU»tt»t*oi7 — w^hen  excited  they  slow  the  heart- beat; 
the  hirge  medullated  are  in  part  at  least  afferent,  conveying  ^P^. 
to  the  central  nervous  systeui  im]>ulfies  which  originate  in  the 
heart;   the  aympBilietfrr  fibres  are  elTereut  and  mmUfff  and 
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when  stimulated  quicken  or  strengthen  the  heart  beat.  The 
afferent  fibres  will  be  more  conveniently  studied  in  connection 
witli  nerves  of  the  blood-vessels  (Chap.  XVIII). 

The  Cardlo-inhibitory  Fibres.  These,  though  running 
in  the  neck  in  what  seems  to  be  the  main  pneumogastric 
trunk,  do  not  leave  the  skull  in  that  nerve,  but  in  the  spinal 
accessory  (XI  cranial  nerve),  which,  it  will  be  remembered, 
arises  in  part  from  the  brain  and  in  part  from  the  upper  por- 
tion of  the  spinal  cord.  Tliat  nerve  gives  off  near  the  brain 
a  small  branch  which  joins  the  pneumogastric  and  runs  on  in 
it  to  near  the  heart.  'J'he  fibres  may  be  tracked  in  the  pneu- 
mogastric by  their  small  size,  but  more  satisfactorily  by  the 
Wallerian  method.  It  is  tlien  found — 1,  when  the  main 
pneumogastric  trunk  is  divided  in  the  neck  all  the  medullated 
fibres  in  it  distal  to  the  place  of  section  degenerate;  2,  if  only 
the  branch  joining  the  spinal  accessory  to  the  pneumogastric 
be  cut,  then  only  some  fibres  in  the  pneumogastric  stem  do- 
generate,  and  these  fibres  are  the  small  medullated  set;  3,  if 
the  i>neumogastric  alone  be  divided  above  the  point  where  the 
branch  from  the  spinal  accessory  joins  it,  then  the  large 
medullated  fibres  of  the  cardiac  branches  of  the  vagus  degen- 
erate, but  the  small  do  not.  Hence  we  conclude  that  the 
email  fibiHjs  come  through  the  fi^rrisigrr  Physiological  ex- 
periment confirms  this.  Immediately  after  cutting  the  main 
pneunK)gastric  trunk  stimulation  of  its  perij»heral  end  checks 
the  beat  of  the  heart;  but  if  the  stimulation  be  applied 
after  several  days,  it  has  no  effect  on  the  heart.  If  instead 
of  cuttino:  the  whole  pneumogastric  stem  we  divide  only 
the  branch  going  to  it  from  the  accessory,  we  find  similar 
results:  after  two  or  three  days  (i.e.,  when  the  microscope 
reveals  degeneration  of  the  small  medullated  fibres  in  the 
main  stem,  all  the  rest  being  in  their  normal  condition)  stim- 
ulation of  it  is  as  absolutely  without  direct  effect  on  the  heart 
as  after  complete  degeneration  of  the  whole  nerve-trunk.  In 
the  frog  there  is  no  separate  spinal  accessory  nerve;  the  cardio- 
inliibitory  fibres  })ass  from  the  l)rai!i  directly  into  the  pneumo- 
gastric; but  in  both  frog  and  mammal  their  centre  lies  in  a 
group  of  nerve-cells  of  the  medulla  oblongata  known  as  the 
cardiO'inh  ihitonj  centre. 

The  cardiac  nerve  of  the  frog  consists  (Fig.  99)  of  a  pneu- 
mogastric and  a  sympathetic  j)ortion:  if  it  be  stimulated  the 
usual  result  is  that  the  heart  is  slowed  when  the  stimulus  is 
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feeble,  and  is  stop|>ed  Miioii  tlie  stimulus  is  more  powerful ; 
and  in  this  animal  it  is  possible  by  carefully  applied  gtiui illa- 
tion to  keep  the  heart  at  rest  for  a  considerable  time,  during 
which  it  lies  di»teH*l«l'iTm*-#»W'M*;  but  nearly  always  it  ulti- 
niatelj  reeomuienees  its  beat  even  though  the  stiiiailatioii  of 
trbe  nerve  be  continued.     During  its  inhihitiou  the  heart  is 
irritable  and  contractile,  for  it  lieals  if  a  direct  stininlns  be 
npplied  to  it:  the  myoeardiiini  is  therefore  not  incapable  of 
atction;  but  eitlrcr  i^onie  iutluern-e  i nn'm ally  ])roceed in g  from 
itfi-iierte'cells  and  j)romoting  its  t*y  tornatic  eon  traction  is  pre- 
ventedy  or  the  stimulation  directly  acts  on  the  cardiac  inostde 
and  for  the  time  lowers  or  rt^rnoves  its  spoMtaneity.     If  the 
Btimulus  applied  to  the  cardiac  nerve  be  not  stroiig  enough  to 
completely  inhibit  the  heart,  it  is  usually  seen  that  the  pulsa- 
tions are  not  only  fewer,  but  more  feeble;  inii  this  is  ni)t  always 
the  case  :  I  lie  beats  may  he  sh>wer  aiul  not  less  powerful  than 
before,  or  tht?y  may  continue  with  thtt  ?^ame  rhythm,  Imt  be 
less  powerful:  in  any  case  the  result  is  to  diminish  for  the 
time  the  work  done  by  the  heart* 

lit  rnanirmilia  tlie  phentimena  are  essentially  the  sani^v.  If 
«rtifieiul  resiiiration  be  maintained  in  an  anaesthetized  rabbit 
and  its  heart  laid  hare,  and  then  the  pm^Hmogflstric  trunk  ije 
divided  on  one  side  of  the  neck  and  its  cardiac  end  stimu- 
lated, the  heart  conies  to-rrst,  diisttnided  and  ault^o  the  touch; 
or,  with  more  feeble  stimulation,  the  pulsations  are  slowed: 
or  they  may  be  both  slower  and  feehler.  or  feebler  and  not 
slower;  bat  the  amount  of  blood  driven  out  by  the  ventricles 
in  a  given  time  is  usually  much  less.  When  the  beat  is  only 
weakened  it  often  haijpcns  tiiat  the  etfcet  shows  itself  much 
more  markedly  on  the  auricles  than  on  the  ventricles,  though 
this  of  course  diminishes  the  work  Umie  by  the  ventricles,  as 
they  are  theii  sujtplied  with  less  blnod  U\  pump  on;  and  occa- 
Ijdoually  it  may  be  seen  tliat  the  auricles  miss  a  beat,  giving  only 
one  for  each  two  of  the  vciitricli's,  quite  contrary  to  the  case 
of  a  dying  heart,  in  which,  as  we  have  seen,  the  auricular  beat 
is  tnore  prominetit.  This  illustrates  the  fact  that  the  auiieles 
are  more  sensitive  to  oi^orTial  noffvotio  control  than  the  ven- 
tricles, and  provide,  so  to  speak,  the  **  fineadjnatment^*  of  the 
cardiac  apparatus. 

Wiiether  the  heart  is  stopped  or  slowed  or  its  Ijeats  weak- 
ened, the  fe^trlt  must  be  a-ft41  *m  ir^rttrial  xtXf^^^^'^.  ^^^^  the 
itretched  arteries  go  on  driving  blood  through  the  cajnllaries 
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to  the  veins,  while  their  supply  from  the  heart  is  cut  off  or 
lessened.  Hence  a  pressure-gauge  attached  to  an  artery 
shows  readily  the  influence  of  stimulation  of  the  cardio-in- 
hibitory  fibres;  and  in  order  to  avoid  the  serious  operation  of 
opening  the  thorax  to  observe  the  heart  directly,  it  is  usual 
to  study  indirectly  the  cardiac  effect  of  stimulation  of  the 
pnemogastric  by  observing  its  influence  on  arterial  pressure. 


Fio.  101.— Manometer  for  recording  variations  in  arterial  pressure,  ddagg^  k\9M9 
U-tiibe  partly  tilled  with  mercury',  o;  its  limb,  gq,  is  oi>en  to  the  air,  and  a  float  bear- 
injf  the  lijjht  stem  e  on  which  ih  tlie  pen  /  i*e8tM  on  the  mercury:  the  limb  dd  is 
fllltHi  at)ove  the  mercury  with  niaifiieslum  sulphate  solution  and  conoect'ed  water- 
tifcht  by  tubes  and  the  cannula  ci  with  the  tieart  end  of  a  divided  artery.  The  pen 
writes  on  a  horizontally  travellinjf  surface  and  rises  and  falls  with  the  mercury  on 
the  side  qg,  a  rise  indicatiuK  increase  of  arterial  pressurr*,  a  fall  the  reverse:  the 
pressure  in  the  nrtery  at  any  moment  is  indicated  by  the  vertical  distance  between 
the  top  of  the  merciiry  in  dd  and  that  in  gg,  due  allowance  beinf?  made  for  the 
weisrht  of  the  maf^nesium  sulphate  and  some  other  possible  sources  of  error. 

For  tliis  purpose  a  small  irlass  tube  or  cannula,  a,  filled  with 
solution  of  niiigncsiuni  sulphate  (to  check  blood-clotting)  is  in- 
troduced into  tlie  cardiac  end  of  a  divided  artery,  say  the  fem- 
oral, of  a  living  animal,  the  artery  being  clamped  at  a  place 
nearer  the  heart  than  the  point  where  the  cannula  is  tied  on. 
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^hecaimiila  is  (Fig,  lul)  eumiected  by  an  iiielastic  tube,  t%  of 

^^nvenient  length,  also  tilled  with   niiigiK'siuni  sulphate,  to 

**^^  end  of  It  U-shaped  gh*ss  pressure-gauge  or  mano/ncier, 

'^^^jgf/t  coniainmg  mercury.     On  the  top  at  the  mereury  in  the 

**  *^  lb  fff/  of  the  manometer  floats  ii  light  stem  e  canying  a  pen 

^^''iTiich  write»  un  a  travelling  surface*     Above  the  mereury,  o, 

^"^A  the  eide  dd,  tlie  tube  is  tilled  with  niagnesiuui  sulphate 

^^>]ution.     When  the  pressure  on  each  side  of  the  Tiuinorneter 

**^   alike  the  mercury  stands  at  the  same  level  in  both  limbs, 

^iit  when  it  ie  increused  on  the  side  tid  by  taking  the  elamp 

^>€  the  artery  and  throwing  in  the  pressure  of  the  blood  the 

"frrercury  in  ffr;  rises,  carryiTig  the  flout  and  pen  with  it  and 

clrawfi  a  line  such  as  that  at  i/z,  Fig,  102,  ou  the  travelling 


FtO  102  — TrncJnff  of  nrff^dAl  prfmnitip  dtiHnp  irajftiH  ifiblbiflnn  of  the  heftrt.  To 
bemi't  fnim  ritrhi  ti»  Irft:  v^J^/.  bloiiNl  prt***-*!!!^!!!!**  timwl  lay  tin*  nifttKimeter  fwrn; 
O  lndtoAle«  irn  th**  tnafin*^  th**  instant  &\  wbicli  the  nerve  waa  Htlmuliit^l :  p.  tlip 
hmUiiDt  At  wtik-h  ihf  hiirnnlAiion  ^nilrtl;  rie*  line  iiftced  by  a  p<?n  tnnrklnic  hiiif 
•PC(itJtl!«;  TQ,  line  of  no  prpuwin*,  Omf  i»^  level  nt  wlnrb  the  pen  wotikl  write  were 
tbriv  DO  arteriftJ  pri*8Hure:  the  di-itunrf  Iw^rMeeti  it  anil  Om*  pnrt  of  the  iiiaiioiineter 
line  dtrvetly  alx^tve  it  nmlf killed  hv  I'^vm  |fjvH«j  the  Actual  pressure  iu  niercury  in  the 
ariery  fit  Omt  moment.  The  fsmaLI  variatinnA  ft  prejwiirt^  sevn  o«i  th**  curve  are 
(tile  Uf  h«'«tM  or  the  heart;  lhi?y  ait^  ah«i4;ut  durittg^  the  julifbition  and  slow  far  a 
short  t4iii<*  after  It, 


surface,  the  small  curves  (puljie-wffvrs)  on  whicli  correspond  to 
the  Blight  increases  of  arterial  pressure  following  each  contrac- 
tion of  the  left  ventricle.  The  number  of  these  small  curves  in 
a  given  time  crives  us  therefore  the  pulse-rate.  The  pneuroo- 
gM^trie  is  meaiivvliile  exposed  ill  tlie  neck  and  cut  across:  the 
object  of  dividing  it  is  to  prevent  stimuli  travelling  to  the 
brain  by  the  atTerent  fibres  in  it,  as  they  would  act  on  the  nerve- 
cert t res  and  lead  to  complicated  results.  The  peripheral  end 
^  the  cut  nerve  is  then  stimuhttcd,  the  excitation  commencing 
tpSajj  the  instant  corresponding  to  the  point  o  on  the  tracing. 
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It  is  seen  that  the  heart  does  not  stop  at  once  but  gives  a  beat 
or  two  and  then  stops  as  indicated  by  the  sudden  fall  of  arte- 
rial pressure  and  the  absence  of  all  pulse- waves  from  the 
tracing.     If  the  stiinulaition  be  stopped  at  the  instant  indi> 
cated  by  p,  the  heart  does  not  begin  immediately  to  beat,  but 
when  it  does,  the  beats  are  powerful  and  soon  bring  the  arte- 
rial pressure  back  to  its  former  level,  or  in  many  cases  to  f^ 
point  above  it  for  some  time  before  the  previous  pressure  and. 
pulse-rate  are  regained.     Such  a  tracing  shows  among  othem 
things   that   a  certain   ^^Inteni  |MMri#d '"  elapses   bcfwc   th» 
stimulation   of    the   inhibitory   iibm  JTiftMimyMM    the   heart— 
beat,  and  that  the  influence  of  the  stimulus  once  established, 
continues  a  short  time  after  the  stimulation  is  stopped ;  and 
that  the  first  beats  after  cessation  of  the  inhibition  are  slow 
and  powerful.     Of  course  without  any  manometer  one  can 
detect  the  effect  of  cardio-inhibitory  stimulus  by  a  finger 
placed  over  the  pulse  of  an  animal  or  by  listening  to  the 
heart-sounds,  but  the  graphic  method  above  described  allows 
of  much  more  accurate  study. 

It  has  been  stated  in  a  previous  paragraph  that  stimulation 
of  the  cardiac  nerve  nsuaUy  stops  or  slows  the  heart-beat  of  a 
frog.  'J'he  reason  for  the  qualifying  term  is  that  sometimes 
the  stinuilation  quickens  the  beat.  This  is  due  to  the  fact 
that  the  nerve  (see  Fig.  09)  is  a  mixed  one  and  that  the 
fibres  it  receives  from  the  svnipathetic  are  directlv  antago- 
nistic  in  action  to  tliose  derived  from  the  vagus.  In  most 
cases  wlien  tlie  whole  trunk  is  stimulated  the  vagus  fibres  get 
the  uj)per  hand,  but  to  be  sure  of  })ure  cardio-inhibitory  results 
the  vagus  must  be  stimulated  before  the  sympathetic  branch 
joins  it.  Then  tlie  action  is  always  inhibitory;  and  certain 
other  important  phenomena  may  be  observed,  showing  that 
the  vagus  contains  fibres  which  tend  to  throw  the  heart  into  a 
better  working  state.  When  an  exposed  frog's  heart  is  dying 
and  has  ceased  to  beat,  or  when  the  ventricle  has  come  to  rest 
though  the  sinus  and  auricles  still  work,  it  not  unfrequently 
happens  that  a  period  of  vagus  stimulation  is  followed  by  a 
set  of  beats:  or  similarly  that  when  the  whole  heart  is  beating 
feebly  stimulation  of  the  vagus  is  after  a  time  followed 
by  more  forcible  contractions.  Hence  it  has  been  suggested 
that  the  nerve  contains  fibres  which  tend  to  piuiiiut^  the 
fltrirition  of  the  cardiac  muscle,  fibres  which  are«4UiAhalic 
and  favor  constructive  chemical  processes.  Whether  these  fibres 
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^re  the  earn©  as  the  cardio-uihibitory  or  are  a  diatiiict  set  is 
etill  uncertain.  h\  nuunniak,  ako,  it  is  frequently  noticeable 
that  intgT»  mWU*kioH  of  the  heart  h  followed  by  a  i>eriod  of 

The  Cardio-inliibitory  Centre.     This  consists  of  nerve- 
cells  lying  in  thf  nu'dnlla  ohlonL^'ita  itml  giving  ortgiu  to  the 
cardio-inhibitory  lil>res.     In  some  ardrnak  it  seems  to  he  nor- 
mally always  in  a  stute  of  slight  uelivity,  sending  ont  feeble 
i  111  pulses  which  exert  a  slight  check  on  the  rate  of  pnlse. 
This  is  the  case  in  the  dog,  for  in  that  animal  division  of 
both    pueninagai5tric   nerves    in   the  neck    is  followed    by  a 
quicker   heart-beat:    in    the   rabbit,  on  the  other  baml,  the 
ceutre  appears  u finally  at  rest,  as  section  of  the  pnenniogas- 
trics  iu  that  animal  has  no  effi^ct  on  the  pulse-rate,     Wlielber 
Tiornmlly  in  actitin  or  TK»t  the  centre  can  readily  be  excited, 
especially  by  atlerent  im]julses  reaching  it  tlirough  abdonjinal 
nerves.     If  the  intestines  of  a  frog  (the  brain  of  which  in 
froTit  of  the  niedullu  oblongata  lias  been  entirely  removed  so 
as  to  niako  conseionsne.ss  ini|iossible)  be  exposed  and  sharply 
struck,  the  lieart  stops  in  (Hastole;  btit  if  botli  cardiac  nerves 
have  been  previotislv  divided  this   result  does  not   follow. 
The  stoppage  is  clearly  then  a  reflex  inhibition  through  the 
CAfd io-iidii hi tory  centre  and  nerves,  and  the  afferent  tract  can 
be  rea4lily  traced.     The  atT«'rent  impulses  from  the  intestine 
jMiss  through  tfie  mesenteric  branches  of  the  sympathetic,  for 
if  these  be  cut  no  carrliac  standsrill  follows  tlie  mechanical 
stimulation  of  the  intestine,  although  the  vagi  l>e  intact.     If 
only  the  commuTiicating  !)ranches  from  the  sympathetic  gan- 
glia to  the  spinal  cord  be  cut  or  only  the  anterior  roots  of  the 
corresponding  spinal  nerves,  or  only  the  spinal  cord  above  the 
place  of  entry  of  tliese  roots,  or  only  the  medulla  obloitgata 
destroyed,  yet,  in  each  case,  the  intestinul  *itinnilatinn  causes 
no  stoppage  of  the  heart.     When  the  standstill  does  result  it 
is  therefore  reflex,  the  afforotit  |iii»ftlH>eing— sensory  nerve-end- 
ings iu  intestine,  mesenteric  nerves,  sympathetic  ganglion, 
commuidcating  branches,  anterior  spinal  roots,  spimd  cord 
to  centre  in  niedulla;  the  efferent  fibres  are  the  inhibitory 
in  the  vagus.     The  fi»fi4«4g  which  in  man  not  infrerpiently 
follows  a  TOTftro  VK™  on  the  pit  of  Mit^  i^tomach  is  due  to 
similar  rnflmr  mrititiao  of  tlie  cardi"-tTihJhttni»y_jc:entre:  and 
the  fainting  seen  during  severe  pain  and  that  which  certain 
odors  cause  in  some  persons  are  due  to  similar  stimulation  of 
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the  cardio-inliibitory  centre  through  seii&ory  nerves, and  serve 
to  iihisrrate  the  many  afferent  fibres' from  different  regions  of 
the  Body  which  can  influence  the  heiirt-beat. 

'Hie  curJio-iTilnbitory  centre  nniy  also  be  gtiniulated 
directly  (as  by  piercing  it  with  a  needle)  and  stop  the  heart. 
But  a  more  interesting  instance  is  its  -excitation  by  bigk 
Tji^!^  .arterial  pressure.  Nearly  always  a  very  WgtrpreBBTTre  in  the 
aoriu  is  accoiiipauied  by  a  6h»w  pulse  dut;  H^MW<>iii*inhil>itorr 
nerve-impulses,  for  if  the  vagi  be  cut  luider  such  circum- 
stances the  heart-rate  iftiraediately  ificrensea.  The  slower 
^  beat,  of  course,  by  ]e!!e<ming  tbejfcork  of  the  lieart  tends  to 
bring  bftth.  the  high  ngi^Mitftl  firegsupo  to  a  more  normal  level, 
providing  an  -"^j""^^"*^  "^  *^"  ^""^^'^  work  to  the  condition 
of  the  arterial  pystem  at  the  time.  The  brain,  enclosed  in 
the  rigid  sknll-uavity,  is  especially  likely  to  be  affected  by 
increased  arterial  tension,  fur  distension  of  the  intra-cranial 
arteries  must  bring  about  greater  pressure  on  all  the  other 
contents  of  the  skull;  and  tlie  cm^^mhthi^mj  centre  is  very 
owiitive  'j^'mtMiMmLik  pressure.  If  a  small  hole  be  bored 
through  the  sknil  of  a  dog  and  a  little  innocuous  fluid  in- 
jected 80  as  to  cause  pressure  on  the  brain,  the  beat  of  the 
heart  is  promptly  slowed  and  weakened^  but  if  the  pnenmo- 
gastrics  have  been  previously  cut  the  henrt-beat  is  not 
influenced.  In  man  similar  stimulation  of  the  eardio-inhibi- 
tory  centre  is  shown  in  »»popt^;cy,  which  is  due  to  tfje  bursting 
of  some  vessel  inside  the  skull  and  the  effusion  of  blood,  which 
by  pressure  on  the  brain  causes  the  unconsciousness  atjd  pa- 
rnlysiis  whtch  eliaracterize  the  stroke.  During  such  a  fit  the 
pulse  is  almost  invariably  very  slow  from  the  action  of  the 
inereaseil  pressure  on  the  cimiio-inhibitory  cells.  This  is 
clearly  a  preservative  action,  for  tbe  resulting  lower  arterial 
pressure  nmkes  the  ha^oorrhage  less,  and  more  likely  to  come 
to  an  end.  Among  cotiditions  of  the  blood  which  stimulate 
the  cardio-inliibitory  apjiaratus  may  be  mentioTied  cteflf'ient 
l*0»ygfQn*^t4an,  which  will  be  referred  to  again  when  the  phe- 
nomena of  sufToealioii  arc  described. 

The  Cardio-accelerator  or  Aug  men  tor  Nerves.  The 
influence  of  these  on  the  heart  is  to  quicken  or  strengthen 
its  beat  or  botli:  but  ouly  for  a  time,  their  final  action  being 
to  hasten  ^xlmuWlfuii;  they  are  essentially  k^taiiolic  in  their 
influence  on  the  initrition  of  the  cugaii* 

Both  in  frog  and  mammal  they  pass  to  the  heart  from 
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the  sfJi'ipAtjtwtiL',  taking  goniewliut  difTerent  piitlis  in  iliffeiviit 
animals.  In  the  frog  their  course  is  shown  in  Fig.  91);  in 
mammals  most  of  thc^m  come  from  the  n|ipc*r  thorucie  guu- 
glioii  of  I  he  synipiilhutic  and  the  iicight>oriijg  juuts  of  the 
lUiiin  symfiiit luetic  chuiiK  M  the  htnirt  of  ii  frog  lie  exposed 
and  wtttched  while  the  Unmch  s.  Fig,  Oi*t  is  slinmkted  its 
U?ut  is  seen  to  he  qniekened,  esjieciully  if  ilie  previous  rate 
Were  slow:  and  fjnite  similar  |dienomena  oniy  be  observed 
when  the  correspotjdi ng  nerves  are  stinMilated  in  a  nibbit  or 
dag.  And  the  heat  is  not  merely  made  more  rapid:  it  ig  dis- 
tinctly iiiore  powerful  for  the  time,  the  heart  driving  out  more 
61ood  at  each  stroke  (even  though  pressure  in  the  aorta  juay 
be  high)  and  thus  doing  increiiseil  work, 

Tliough  the  aiigmeotor  fibres  reach  the  heart  througli  the 
ay m pathetic  they  have  their  centre  {cardio-a^celeraior'^mffTe) 
in  the  m^dttlk  oblongata,  from  which  in  mammalia  they  pass 
down  tiie  spiuul  cord  to  the  anterior  roots  of  the  iipfier  tho- 
racic spinal  nerves,  to  the  commumcating  bnuiches.  to  the 
gyropathetic  ganglia,  and   thence  to  the  cardiac  plexus  and  , 

the  heart.  Their  centre,  like  the  inhibitory,  may  be  retlexly  >^,  0*^V  ' 
excited  :  p€n»o»lt»^i»Umnliitieii  aj  litu— ly  nerve,  after  section  ^  1^''^  t 
of  the  vagit  uaually4^Mieliew§tliafinloe  if  the  accelerator  fibres  i]^f^  ^^"^ 
passing  from  the  thoracic  ganglia  be  intact,  but  has  no  effect 
if  these  be  previously  divided.  If  the  vagi  are  not  cut  the 
re^^ult  is  not  so  certain,  as  tfie  afferent  imjmlses  may  also 
excite  the  cardio-inhibitory  centre  and  cause  a  iiiuttid  it^k>n : 
but  iipeaking  generally  affereiti  impulses  which  in  a  conscious 
animai  would  cause  acute  hut  not  extreme  pain  cause  increase 
of  the  heart- beat.  This  by  raising  general  arterial  tension 
would  for  the  time  put  the  animal  in  good  condilion  to  make 
a  vigorous  effort,  antl  so  is  obviuusly  an  uTJconscious  adaptation 
of  the  organism  for  the  preserviitinn  of  its  safety.  While  ex- 
tTtNiia  juitii  or  extensive  injury  involvitig  many  aJiereut  nefves 
tends  to  cause  fmr^H^  a«^  liii  i  nf  t  oiimMiiniHnriiiii.  the  cartlio- 
inhiW^gfy  t^aiitrc  getting  the  i»f»pffrJiwTid. 

The  Influence  of  Temperature  Changes  and  of  Calcium 
Salts  on  the  Heart-beat.  If  the  exci.sed  heart  of  a  frog  be 
rofded  it  beats  more  i^hnvly:  if  heated,  more  quickly;  until 
the  temperature  appronehes  ttie  limit  at  which  nuiscle  passes 
into  rigor.  Tlie  observation  is  more  difficult  with  mammals, 
but  if  the  heart  of  a  dog  he  completely  separated  from  all 
the  rest  of  the  body  except  the  lungs  and  supplied  with  blood 
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it  is  possible  to  keep  it  alive  for  some  hours,  beatiog  regularly 
and  powerfully,  and  ou  such  a  heart  it  is  easy  to  observe  that 
cooler  blood  causes  slower  beat  and  vice  versa.  While  the 
quick  pulse  observe.d -ill  .fe.Y.er8  may  therefore  be  in  part  due 
to  paralysis  of  the  cardio-inhibitory  centre  or  stimulation 
of  the  cardio-uccelerator,  it  is  in  part  at  least  due  solely  to 
the  hotter  blood  circulating  through  the  coronary  vessels. 
Whether  the  higher  temperature  in  this  case  acts  primarily 
on  the  nerve-cells  of  the  heart  or  on  the  muscle  is  not  known. 
If  circulation  be  kept  up  through  a  frog's  heart  by  the 
perfusion  method  (Fig.  100),  the  organ  may  be  kept  beating  for 
a  very  long  time  if  the  liquid  supplied  be  blood  or  serum.  If 
only  dilute  solution  (0,lb^)  of  sodium  chloride  be  given,  the 
beat  continues  for  some  time,  but  not  so  long  as  if  no  liquid 
be  circulated;  the  salt  apparently  washes  out  something 
which  the  heart  needs.  The  beat  of  such  a  "  washed-out '' 
heart  may  be  restored  by  substituting  milk  or  serum  or  de- 
fibrinated  blood  for  the  saline  solution,  or  even  by  adding  to 
the  sodium  chloride  a  very  little  of  a  soluble  calcium  salt. 
Serum,  blood,  and  milk  all  contain  calcium  salts,  an?  albu- 
minous solutions  free  from  calcium  (as  paraglobulin)  do  not 
restore  the  beat;  nor  do  serum  or  milk  or  blood  deprived  of 
calcium.  Hence  tlie  presence  of  some  salt  of  that  metal 
seems  to  have  a  close  relation  to  tlie  functional  activity  of 
the  heart,  as  indeed  it  has  to  mii}scular..^tivity  in  geueraL 
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The   Nerves    of   the   Blood-vessels.      The    arteries,   m 
alreiidy  pointed   out,   possess  a  iiiiKsciiliir  coat  cooi posed  of 
fibres  urranged  around  them,    so  that  their  contraction  can 
Harrow  the  vessels.     This   coat   ia   most   prominent  in  the 
smaller  vessels, — those  of  llie  size  which  go  to  supply  separate 
organs, — hiit  disapiR^ars  again  in  tlie  siinillest  liranehes,  which 
5ire  about  to  divide  into  capillaries  for  the  individtml  tissue 
elements  of  an  organ.     These  vjtscukr  muscles  are  uiuler  the 
control  of  certain  s[>ttcial  nerves  called  tutso-mohr,  and  these 
latter  can  thus  govern   the  amount  of  blood    reaching  any 
organ  at  a  given  time.     >[fist    of    the  vascuhtr  nerve-libres 
have  their  DPi|fM*  \\\  the  ( erehm^^ina!  centre,  though  they 
pus?  thrf>ugh  sympathetic  gangitn  on  their  way  to  the  vessels. 
In  a  few  regions  ganglion-cells  are  fmind  lying  close  to  the 
arteries,  and  boiuc  of  the  vik^o-inotor  fihres  are  iu*ol>ar»Iy  con- 
nected with  them,  hut  as  a  rule  they  ett4  directly  in  the  mua- 
cular  c6at. 

In  the  heart  we  had  to  cousider  a  rhythmically  contract- 
ing organ  the  force  of  wlmse  coti tractions  could  he  increased 
or  diminished  by  the  intloence  of  extrinsic  nerves;  in  the 
arteries,  speaking  broadly,  we  have  to  deal  with  muscle  in  a 
condition  of  tonic  or  constant  contraction,  which  contraction 
6an  be  increased  by  impulses  coming  through  excitor  or  rasih 
contitrictor  nerves,  and  diminished  through  the  activity  of 
inhibitory  or  i^miO'dihtfor  nerves.  The  general  tonic  con- 
traction of  the  arterial  muscle  is,  however,  much  more  dc- 
pendei»t  on  the  vasO'Constrictor  nerve-fibres  than  is  the  beat 
of  the  heart  on  the  card io-exci tor  nerves.  The  inhibitory 
•et  of  vaso-motor  nerves  have  a  much  less  extensive  distribu- 
tion over  the  arterial  system  tlniu  the  constrictor. 

The  Vaso-eonstrictor  Kerves.  If  the  ear  of  a  white  rab- 
bit beheld  up  against  the  light  while  the  animal  is  kep.  quiet 
and  not  alarmed,  the  red  central  artery  can  be  seen  coursing 
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along  the  trauslucent  organ,  giving  off  branches  which  by 
subdivision  become  too  small  to  be  separately  visible,  and  the 
whole  car  has  a  pink  color  and  is  warm  from  the  abundant 
blood  flowing  through  it.  Attentive  observation  will  show 
also  that  the  ottlibre  of  the  nmiu  aituryls  noi  oefistant;  at 
somewhat  irregular  periods  of  a  imtwrte  or  more  it  dilaiec  and 
contracts  a  little. 

If  the  sy«»])a  t  hut  to 'tni  n  k  have  been  previously  dividad  on 
the  other  side  of  the  neck  of  the  animal,  the  ear  on  that  side 
will  present  a  very  different  appearance.  It  arteries  will  be 
muoh  dilated  and  the  whole  ear  fuller  of  blood,  redder,  and 
distinctly  warmer;  the  slow  alternating  variations  in  arterial 
diameter  also  have  disappeared.  We  get  thus  evidence  that 
the  normal  mean  calibre  of  the  artery  is  maintained  by  influ- 
ences reaching  its  muscular  coat  through  the  cervical  sym- 
pathetic. Stimulation  of  the  upper  end  of  the  cut  nerve 
contirms  this  opinion.  It  is  then  seen  that  the  arteries  of 
the  corresponding  ear  gradually  cotttrao^  until  even  the  main 
vessel  can  hardly  be  seen,  and  in  consequence  the  whole  car 
becomes  pale  and  cold.  After  the  stimulation  is  stopped  the 
arteries  again  slowly  dilate  until  they  have  regained  their  full 
paralytic  size,  and  they  usually  remain  permanently  in  that 
condition.  Sometimes  they  regain  after  some  days  almost 
the  size  of  those  in  the  ear  on  the  uninjured  side,  even  when 
the  nerve  has  not  only  been  cut,  but  the  upper  cervical 
sympathetic  ganglion  extirpated;  this  seems  to  indicate  that 
the  artoriiil  muscle  has  a  small  imtamaticiJLy.Qi>its  own  tending 
to  keep  it  in  a  moderate  state  of  contraction,  but  it  is  less 
marked  than  the  automaticity  of  the  myocardium. 

Quite  similar  phenomena  can  be  observed  in  transparent 
parts  of  other  living  animals,  as  in  the  web  of  a  frog's  foot, 
the  arteries  of  which  dilute  after  section  of  the  sciatic  nerve 
and  constrict  when  the  peripheral  end  of  the  nerve  is  stimu- 
lated. In  the  case  of  other  parts  changes  in  temperature 
may  be  used  to  detect  alterations  in  the  flow  of  blood.  In  a 
dog  or  cat,  for  example,  a  sensitive  thermometer  placed  be- 
tween the  toes  indicates  a  rise  of  temperature,  owing  to  in- 
creased flow  of  warm  blood  through  the  skin,  after  section  of 
the  chief  nerve  of  the  limb,  and  a  fall  of  temperature  (usu- 
ally) during  stimulation  of  the  peripheral  end  of  the  divided 
nerve. 

When  the  vaso-constrictor  nerves  out  are  those  controlling  a 
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large  number  of  arteries,  the  tlilitUtiou  of  the  hitter  so  much 
diminished  peripheral  resistance  to  the  blood-flow  as  to  lead 
to  a  marked  fall  of  troneral  arterial  prensiire;  and,  due  eare 
U»ing  takeu  to  avoid  ur  to  allow  for  ct*iiconiitaot  variatitiiis  iu 
the  rate  or  force  of  the  heart's  beat,  this  gives  us  another  use- 
ful methoil  of  stutlyiog  the  distribution  of  the  nerves  con- 
cerned. For  example*  tlie  aplanehHw  nerves  are  branches 
which  spring  frurn  the  thorai-ic  (>ortiou  of  the  sympathetic 
chain  and  pa^s  through  tlie  diaphragm  to  ernl  in  the  gan- 
gliated  solar  plexvs  from  which  nervei*  pass  to  the  arteries  of 
most  of  the  abdoniinal  vis^i-em,  Wtien  the  sphuiehnio  nerves 
are  cut  on  both  sides  arlcrial  pre8.>?nre  fulls  eiioruiously,  from 
say  120  millimetres  of  mercury  iu  the  carotid  of  a  dog  to  15 
or  20  millimetres,  most  of  the  blood  of  the  body  lying  almost 
stagnant  in  the  dilated  blood-vessels  of  the  abdomen.  On  the 
other  hand*  slimuhition  of  tlve  sphuiehnic  nerves  so  dinHni8hes 
the  paths  opeti  for  the  eirculatino  of  the  Idood  as  to  enor- 
mously increase  general  bhrnd -pressure;  especially  if  the 
citntio-mhHTTtmT  ryyives  lie  first  divided  so  that  rm^  btrtitd- 
jiig^aun?  inside  the  sinrthclrotiibcr  may  not  sluw  tlie  Juiurt- 
beat. 

Thn  AirtTin  1  the  ftiwiamiijal  orpuis  seem  to  be  the  (*re- 
dotninant  localities  of  distribution  of  the  ^*tiiirincnnn<nMff»fir 
nerve-s:  other  parts  have  them,  but  not  in  qnantity  sufticient 
to  bring  abjut  any  great  general  change  iu  the  blood-flow. 
In  the  abdomen  is  warmer^  in  the  skin  cooler  blood:  and 
according  to  the  amount  of  heal  produced  in  the  Body  and 
the  temperature  of  the  surrounding  medium,  the  vessels  of 
iiMomen  and  skio  contract  or  relax  so  as  to  control  the  pro- 
portion of  blood  sent  to  the  skin  to  lose  heat. 

The  Va8o-con8trictor  Centre.  The  constrictor  nerves  of 
the  arteries  dn  imt  m  {[■iniih  in  the  sywpatheiic  system.  If 
all  the  branches  of  the  latter  be  left  intact,  the  jilieuomena  of 
painlytii'  iJ iinM>tion  of  the  blood-vessels  can  be  fnlly  brought 
about  by  dividing  the  communicating  branches  between  certain 
spinal  nerves  and  the  rnrrespoudiug  symjmthetic  ganglia, 
or  by  dividing  the  arrtrrt»»i^  wjot^i.  of  certain  sptnTil  nerres. 
In  thiB  way  it  can  be  sJujwn  that  the  fibres  all  psttceail 
from  the  fyjiniiitio  and  l«m<>»r^  regions  of  the  spinal  cord, 
but  have  not  their  origin  in  the  cord.  If  it  be  cut  anywhere 
in  the  cervical  region,  all  arteries  having  a  constrictor  nerve 
snpply  are  paralyzed^  while  stimulation  of  the  posterior  end 
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of  the  diTide<i  cord  ctuises  widespread  arterial  coustnction. 
The  main  centre  for  the  vaso-coustrictor8  mu§t  then  lie  a^ 
far  forward  a^  tfio  mgiiiiHiit  and  as  all  the  brain  in  front  of 
the  medulla  ohhmgjita  can  be  removed  without  any  con- 
sequent iirteriul  panilysis,  the  centre  must  lie  in  the  medulla 
itself.  This  centre  is  often  named  the  Vifso-tnoto?*  crnfre,  but 
it  is  better  to  distinguish  it  as  the  niiTii  winmii  n  fiir  from  the 
centre  for  the  dilator  efferent  uervea. 

Th©  Control  of  the  Vaso-constrictor  Centre.  TJie  vaso- 
constrictor centre  is  automatic;  it  luairttains  a  certain  amount 
of  activity  uf  its  own,  independently  of  any  stimuli  reaching 
it  through  afferent  nerve-fibres.  Mevertlieless,  like  nearly  all 
automatic  nerve-centres,  it  is  under  rgfeir  cgtntfpK  so  that  its 
activity  may  be  iuercased  or  lessened  by  aiferent  inipulc^es 
conveyed  to  it*  !^niy  ttvupy  perianf y  ligrvft  of  the  Body  is  in 
connection  with  it;  any  stimulus  giving  rise  to -fmu,  for 
example,  excites  it,  and  thus  constricting  the  arteriei?,  in- 
creastis  the  peripheral  resistance  to  tlit*  blootl-flow  and  raises 
arterial  pressure.  On  the  other  hand,  certain  fibres  conveying 
impulses  frrmr-^the  heaif  inidbit  the  centre  and  eWiiJe  the 
arteries,  h:>wer  blood -pressure,  and  diminish  the  resistance  to 
he  overcome  by  the  heart.  These  aiferent  fibre?,  which  ha7e 
been  already  referretl  to  as  the  large  nietiullatt>d  til  ires  (p.  263) 
of  the  pft^^Hiutgaat.ric,  are  known  as  tlie  *^kmT.vxr/r  fihxm.  or  in 
certain  aniuials,  for  example  the  rabbit,  where  they  are  all 
collected  into  one  branch,  as  the  ticpressor  nerve.  If  this 
nerve  be  divided  and  its  cardiac  end  stimulated  no  effect  is 
produced,  but  if  it.s  central  end  (that  jstill  connected  with  the 
rest  of  the  pueumogastric  trunk  and  through  it  with  the 
medulla  oblongata)  be  stimulated,  arterial  jircssure  gradually 
falls;  this  result  being  dependent  upuu  a  dilatation  of  the 
small  arteries,  and  consecpient  diminution  of  the  peripheral 
resistance,  following  an  intiibition  of  the  vaso^constnctor 
eentre  brouglit  about  by  the  djipreFsor  nerve,  Tlircutgh  the  de- 
pressor nerve  the  heart  can  therefore  influence  tlie  calibre  of 
the  small  arteries  and,  by  lowering  aortic  pressure,  diminish  its 
own  work  if  need  be.  In  Fig.  103  is  reproduced  a  tmcing  of 
the  great  but  slow  fall  of  blood-pressure  which  results  from 
stimulation  of  the  depressor  fihres*  It  shows  the  slow  fall  of 
pressure  and  slightly  changed  pulse-rate  accompanying  the 
alow  dilatation  of  the  artericr?,  and  may  be  compared  with  the 
rapid  fall  and  slow  pulse  brought  about  (Fig.  10'^*)  by  excita- 
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Uon  of  the  ciirdio-iiilubitory  nerves.  The  hitent  perioil  ig 
also  notioeubly  long  and  the  elTect  of  the  stinmlus  outlasts 
considerably  the  time  of  its  application. 

Blushing.  The  de|il'BymjJ  nerves  tuolJiol  a g*»«4»4p-p4W»i  of  the 
irii«u  ij44iistl]t'luj  C^ntlB  (es pe c i a  1 1  y  t h n t  po r ti on  o f  i t  c o t i n e et ed 
with  the  ^lanrlinic  nerves)  iiud  so  can  bring  about  dihitation 
of  a  large  number  of  arteries — their  influence  is  accordingly 
called  into  play  when  treiieral  arterial  pressure  is  to  be  lowered^ 
but  is  trseiess  for  controlling  local  blood-6upply.  This  is 
managed  in  part  by  otiter  alterent  nerves,  each  of  which 
inhibits  a  small  part  only  of  the  vaso-constrietor  centre,  gov- 
erning the  arteries  of  a  limited  tract  of  the  Body;  the  dilata- 


FfO.  KW.— TfAcloBr  of  prBssiin?  from  femoral  artery  of  a  rabbk  showfni?  the  Itiflil- 
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tion  of  these  increases  the  amount  of  blood  flowing  throngh  the 
f>articular  region  to  which  they  are  distributed,  but  does  not 
afTect  the  total  resistance  to  the  blood-flow^  sufficiently  to 
influence  noticeably  the  general  pressure  in  the  arterial  system. 
In  blushing,  for  example  nnder  the  influence  of  an  emotion, 
that  part  of  the  vaoo  meter  centre  which  supplies  constrictor 
nerves  to  the  arteries  of  the  skin  of  the  lu'ck  and  lace,  is 
iufliUrticd  by  nerve-fibres  proceeding  from  the  ccpcbrom  to  the 
nlrrlTTllit  ohlniiirafiij  an<i  the  face  and  neck  consequently  be- 
come full  of  blood  and  flush  up.  Quite  similar  phenomena 
occur  under  other  contlitions  in  many  parts  of  the  Body, 
altht>ugh  when  not  visible  on  the  surface  wo  do  not  usually 
call  them  blushes.  The  mucous  membrane  lining  the  empty 
stomach  is  pallid  and  its  arteries  contracted,  but  as  soon  as 
food  enters  the  organ  it  becomes  red  and  full  of  blood-  the 
food  stimulating  afferent    nerve-fibres  there,  which  inhibit 
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that  part  of  the  vaso-motor  centre  which  governs  thf 
arteries. 

Taking  Cold-  This  common  disease  is  not  mifreqaentlj 
causeti  through  undue  reflpx  excitement  of  the  vu^o-niotor 
centre.  Cold  ik-Mti^^  upon  the  sfin  stiniuhitus,  throiTgh  the 
afferent  nerves,  the  portion  of  the  vuso-niotur  centre  govtrniiig 
the  skin  arteries,  and  the  hitter  heconie  contracted,  as  shown 
hy  tlie  pallor  of  the  surface.  This  has  a  twofold  influence— 
in  the  fir^t  phice,  more  hlood  is  throw n  into  internal  ^^artg;. 
and  in  the  second,  contraction  of  the  arteries  over  so  niiicfj  of 
the  Body  coiisiderahly  raises  the  general  blood -jjiressi lire. 
Consequently  the  vessels  of  internal  parts  become  overgorged 
or  **  congest edj"  a  condition  which  readily  passes-jjuto  **j|iir^ 
mat  ion.  "I^lie  action  is  of  course  prirnarily  prmective,  to 
I  prevent  too  grejii  lo^^-ULbeat  from  the  Body;  but  if  juternal 
organs  be  weak  or  diseiised  or  if  the  exposure  to  wet  or  cold 
be  proh>nged,  it  is  ujvt  to  be  followed  by  catarrh  or  inflam- 
mation of  more  or  less  of  the  respiratory  tract  causing  bron- 
chitis, or  of  the  intestines  causing  diarrlnrail)  In  fact  the  c^JT-^'' 
mon  summer  diarrha?a  is  far  more  often  due  to  a  eliill  of  thejlju 
surface,  causing  intestinal  catarrh,  than  to  the  fruits  eaten 
in  that  season  wliicii  are  so  often  blamed  for  it.  The  best 
preventative  is  to  wear,  when  exjxised  to  great  changes  of  tem- 
perature^  a  woollen  or  at  lejist  a  cotton  garment  over  the  trunk 
of  the  Body;  linen  is  so  good  a  con<luctor  of  heat  tliat  it 
permits  any  change  In  the  external  temperature  to  act  almost 
at  once  upon  the  surface  of  the  Body.  After  an  unavoidable 
exposure  to  cold  or  wxH  the  thing  to  be  done  is  of  course  to 
res^ture  the  cutaneous  circulation;  for  this  purpose  movement 
should  be  persiHied  inland  a  thiek  dry  outer  covering  put  on, 
until  warm  and  dry  underclothing  can  be  obtained. 

For  heiilthy  persons  a  temporary  exposure  to  cold,  as  a 
plunge  in  a  hath,  is  good,  since  in  them  the  sudden  contrac- 
tion of  the  cutaneous  arteries  soi»n  passes  otT  and  is  succeeded 
by  a  dilatation  causing  a  warm  healthy  glow  on  the  surface. 
If  the  bather  remain  too  long  in  cold  water,  however,  this 
reaction  passes  off  and  is  succeeded  by  a  more  persistent 
chillincijH  of  the  surface,  whic^h  may  even  last  all  day,  'I'he 
bath  should  therefore  be  left  before  this  occurs,  but  no  abso- 
lute time  can  be  stated,  as  the  reaction  is  more  marked  and 
lasts  longer  in  strong  persons,  and  in  those  used  to  cold  bath- 
i&gj  than  in  others. 
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Vaso-dilator  Ifervee.     We  have  already  noticed,  in   the 
ease  of  the  stoiiinch,  ont;  uietbod  by  wliicli  a  locally  increased 
blood-aiiipply  may  be  bronglit  about  in  uu  organ  wbile  it  is 
at   work,  viz»,  by  inbibilioji  of  hieal    vaso  ouiKstrictor  libres. 
Freqneiitly,    however,    in    the    Body   tliis    is    numai^^ed    in 
another  way;  by  efferent  vuso-dihitor  nerves  which   inhibit 
or  jiarnlyze,  not  the  va*t>conslrictor  centre,  but  the  nuiseles 
of    tlie   blood. vei*selB   directly.     The   nerves  of   tfio   skeletal 
luu^des  for  exantple  contain  two  sets  of  efferent  fibres:  one 
motor  proper  and  the  other  Yaso-dilator.     When  the  niusclo 
contracts  in  a  reflex  action  or  under  the  iufluenco  of  the 
will  bcrrirlets^f  fibres  are  excited;  so  that  when  the  orgfan  is 
eel  at  work  its  arteries  are  simultaneously  dilated  and  more 
bloo<i  flows  through  it.     lint  if  the  animal  have  previously  I 
iul ministered  to  it  snch  a  dose  of  curare  as  to  just  paralyze  ' 
the    true   motor-tibres,   stiiuiHation   of    the    nerve    produces 
dilatation  of  the  arteries  withont  a  corresponding  nuiscular 
contraction.     Quite  a  similar  thing   occnrs  in   the  salivary 
glands.     Their  cells,  which  form  the  saliva,  are  aroused  to 
activity   by  special    nerve-fihrt^s;     but   the   jc^hunl-nerve   also 
contains  a  cpiite  distinct  set  of  vaso-ddator  tihres  which  nor- 
mally cause   a  simultaneous  dilatation  of   the  gland-artery, 
thfui^rh   either   can    be   artiflciHlIy  stimulated  by  itself   ami 
produce  its   effect  alone.     ThroU|?h   sncli   arrangements  the 
distribution  of  the  blood  in  the  Body  at  any  moment  is  gov* 
erned  :  so  tliat  working  parts  shall  have  abnpdaru."e  and  other 
parU  less,  while  at  the  same  time  the  iren end lU' terial^ r ess u re 
remains  tlie  same  on  the  average;   since  the  expansion  of  a 
fetv  small  h»cnl  brancltes  but  little  inlluences  the  total  ])eii[di- 
eral  resistance  in  the  vascular  system.     Moreover,  commonly 
when  one  set  of  organs  is  at  work  with  its  vessels  dilated, 
others  are  at  rest  with  their  arteries  comparatively  contracted, 
rid  so  a  general  average  blood-iiressnre  is  Toaintained,     Few 
'persons,  ft.r  example,  feel  incliricd  to  do  brain-work  after  a 
hcJtvy  meal:  for  then  a  great  part  of  the  blood  of  the  whole 
^>dy  is  led  off  into  the  dilated  vessels  of  tlie  digestive  orgiins, 
ind  the  brain  gets  a  smaller  snj>fily»    On  the  other  hand,  wlien 
the  brain  is  at  work  its  vessels  are  dilated  and  often  the  whole 
head  flushed  :  and  so  excitement  or  h^rd  thought  after  a  meal 
is  very  apt  to  produce  aTT  attack  of  indigestion,  by  diverting 
I       tlie  bhiod  from  the  atidondrial  organsrwhere  it  ongitt  to  be  at 
that  time.     Young  persons,  whose  organs  have  a  superabun- 
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dance  of  energy  enabling  them  to  work  nnder  unfavorable 
conditions,  are  less  apt  to  suffer  in  such  ways  than  their  eld- 
ers. One  sees  boys  running  actively  about  after  eating,  when 
older  people  feel  a  desire  to  sit  quiet  and  ruminate — or  even 
to  go  to  sleep. 

When  the  nerve  of  a  limb  is  cut  and  its  peripheral  end  is 
stimulated  the  usual  result  is  arterial  constriction,  because 
the  constrictor  fibres  are  more  numerous  and  more  powerful 
than  the  dilator;  a  day  or  two  after  section,  when  the  nerve 
has  begun  to  degenerate,  stimulation,  however,  causes  dilata- 
tion, apparently  because  the  constrictor  fibrfia^.d€igginiiiifcte 
mnrfl  quirlrly  and  when  the  stimuli  (as  induction  shocks) 
given  to  the  nerve  are  ret)eated  at  only  a  slow  rate  the  dilator 
effect  frequently  overcomes  the  constrictor. 

The  Vaso-dilator  Centre.     The  vaso-dilator  nerves,  like 
the  vaso-constrictor,  seem  to  originate  primarily  in  a  centre  J 
in  the  medulliittUlongata.    In  regard  to  the  arteries  in  general,^ 
they  play  a  much  \m&  omitipiffuous  part  than  their  analogues,  ^ 
the  cardio-inhibitory  fibres,  do  in  regard  to  the  heart. 

The  Vaso-motor  Nerves  of  the  Veins.  Most  veins  have 
a  muscular  coat,  though  it  is  much  less  developed  than  in 
the  arteries,  and  this  coat  is  probably  under  the  control  of 
nerve-fibres.  Satisfactory  evidence  of  their  existence  is  still 
wantinir. 

The  Vascular  Phenomena  of  Inflammation.  When 
some  trauspurent  portion  of  an  animal  (for  example  the 
mesentery  of  a  mouse  or  guinea-pig)  is  carefully  exposed  and 
studied  with  a  microscope,  the  normal  flow  in  the  small  ves- 
sels may  be  studied  for  some  time,  much  as  in  the  web  of  the 
frog.  If  an  irritant  be  applied,  the  immediate  result  is  a 
widening  of  the  small  arteries  and  a  greater  and  more  rapid 
flow  through  them  and  the  capillaries  and  veins.  This  seems 
de]>endent  mainly  on  a  direc^t  j)aralysis  of  the  arteries,  and  if 
the  irritant  be  transient  in  its  influence  the  conr/esfed  con- 
dition soon  passes  off.  If  the  irritant  be  more  powerful,  the 
vascular  dihitation  continues  and  other  circulatory  changes 
are  seen.  The  cor})uscles,  instead  of  keeping,  as  is  usual  in 
arteries  of  microscope  size,  to  the  central  part  of  the  tube 
{axial  nirrent),  spread  more  evenly,  and  the  white  cor- 
puscles especially  tend  to  j)ass  into  the  layer  of  liquid  in  im- 
mediate contact  with  the  inner  coat  of  the  artery,  and  at  the 
same  time  to  exhibit  much  more   marked   amoeboid   move- 
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ments  than  they  commonly  do  while  travelling  in  the  blood- 
current.^  The  platelets,  also,  which  are  normally  confined  to 
the  nxhil  QurreuU,  now  pass  towards  the  sides,  Jf  thia  triage 
of  very  early  injhtmmuiian  pass  on  to  tiie  next,  it  is  observed 
that  white  corpiueles  and  platelets  hoth  stick  to  the  inside  of 
the  vessels.  The  phUtdets  next  adhere  together  and  break 
down  into  granjdar  masses,  and  the  while  eurpiiselos  thrust 
amoeboid  proeegsea  between  the  Hning-eelly  of  the  capilhiries 
and  smallest  veins,  and  begin  to  push  their  way  throngh.  By 
these  means  a  considerable  impediment  to  tlie  blood-flow  is 
caused,  and  the  circnlation  beconies  .slower,  tliuugh  all  the 
ve8j*els  of  the  |mrt  nniy  be  dilated.  If  the  iidlanimation  con- 
tinue, many  white  corpnsclea  pass  quite  out  of  the  vessels 
(tn  iff  rat  ion)  and  enter  the  neighboring  lympli-spaces;  the 
red  corpuscles  get  blocked  and  squeezed  together  into  a  mass 
in  which  their  individual  boundaries  are  indistinguishable, 
and  gome  of  them  may  even  be  squeezed  through  the  walls 
of  the  capillaries  (did pedes i»).  Next  all  blood-flow  in  the 
area  under  ohiiJervation  may  he  stjijijifid,  while  mnm  hurpi 
than  norjnal  ^ollegtH  in  it.  From  this  state  recovery  may 
take  jdace;  or  continued  inflammation  may  lead  to  destruc- 
tion of  the  part.  The  primary  local  disturbances  in  the  cir- 
culation  seem  due  to  changes  in  the  inner  coats  of  the  vessels 
of  the  irritated  region;  but  an  extensive  continued  inflam- 
matiou  produces  fever  and  many  other  secondary  general 
resmlts,  partly  through  the  absorption  of  disease  x^rt'tlt^cte 
from  the  inflamed  part  and  partly  through  irritation  of 
jklTcxwnt  »jerve>fibrea  which  throw  various  nerre-ccntres  into 
abnorma)  action. 


CHAPTER  XIX. 
THE  SECRETORY  TISSUES  AND  ORGANS. 

Definitions.  In  its  broad  etymological  meaning  a  secre- 
■tion  is  any  substance  separated  or  derived  from  the  blood,  so 
that  in  a  certain  sense  all  the  solid  tissues  of  the  Body,  bnilt 
up  from  materials  supplied  by  the  blood,  are  secretions.  In 
practice  the  name  has  a  more  limited  application  and  is  given 
to  two  chisses  of  substances,  distinguished  as  true  or  external 
secretions  and  internal  secretions. 

Internal  secretions  are  the  results  of  the  vital  activities  of 
various  organs,  their  by-products,  passed  out  directly  into 
the  lymph  and  blood;  and  in  many  cases  are  simple  wastes, 
sent  to  the  blood-stream  for  conveyance  to  other  organs  which 
get  rid  of  them:  such,  for  example,  is  the  carbon  dioxide 
formed  in  every  part  of  the  Body.  In  other  cases  the  by- 
products of  certain  organs,  after  absorption  into  the  blood, 
have  to  be  furtlier  changed  in  a  second  organ  before  elimina- 
tion, and  are  probably  of  use  to  this  second — a  part  of  its 
pabulum:  as  an  instance  we  may  take  leucin  (amido-caproic 
acid),  wliich  is  formed  in  many  organs  and,  given  by  them  to 
the  blood,  is  carried  to  the  liver,  the  cells  of  which  convert  it 
(or  at  least  a  great  part  of  it)  into  urea,  to  be  subsequently 
eliminated  by  tlio  kidneys.  A  third  very  important  class  of 
internal  secretions  consists  of  substances  formed  only  in  one 
organ  or  one  pair  of  organs  and  yielded  by  them  to  the  blood 
whioli  flows  through  them,  tlie  presence  of  which  substances 
in  the  blood  is  essential  to  the  healthy  nutrition  and  the  con- 
tinuance of  the  life  of  the  Body :  in  such  cases  removal  or 
extensive  disease  of  the  producing  organ  results  in  death. 
Examples  are  to  be  found  in  substances  which  the  thyroid 
body  and  suprarenal  capsules  produce;  they  will  be  consid- 
ered more  fully  in  Chapter  XXIII. 

Excluding  such  things  as  cast  hairs  and  epidermic  scales, 
the  true  or  external  secretions  may  be  defined  as  gases  or 
liquids,  often  of  very  complex   com])osition,  passed  out  on 
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ome  frt^e  surfiice  of  the  Body,  either  that  of  the  geiienil 
exterior  or  of  some  internal  cavity,  or  into  recesses  comimi- 
nieiiting  with  such  a  t^urfjice.  The  true  eeeretions  fall  into  two 
clafises:  one  in  which  the  product  is  of  !io  further  use  in  the 
Body  and  is  merely  ^ejmrated  for  reniovid,  as  the  urine;  and 
one  in  which  the  product  is  intended  to  be  used,  for  instance 
afi  a  solvent  in  the  digestion  of  food.  The  former  group  are 
sometimes  distingnished  as  exrrdions  and  the  hitter  as  secre- 
iions  propv)\  hut  there  i*^  no  real  difference  between  them,  the 
organs  and  processes  concerned  heing  fundamentally  alike  in 
cuch  case.  A  better  division  is  into  irftusudaitt  and  serrefionSf 
a  transudation  being  a  produet  which  contains  nothing  which 
did  not  previously  exist  in  tlie  blood »  and  only  in  such  quan- 
tity as  might  be  derivable  from  it  by  merely  physical  processes; 
while  a  secretion  in  addition  to  transudation  elements  contains 
'  a  npecijic  element,  due  to  the  special  physiological  activity  of 
the  eecretory  organ;  being  eitfier  something  which  does  not 
exist  in  the  blood  at  all  or  something  which,  existing  in  the 
blood  in  small  quantity,  exists  in  the  secretion  in  such  a  higli 
proportion  that  it  must  have  been  actively  picked  up  and 
conveyed  there  by  the  secretory  tissues  concerned*  For  in- 
stance, the  gastric  juice  contains  free  hydrochloric  acid  which 
does  not  exist  in  the  blood;  and  the  urine  contains  so  much 
urea  that  we  must  suppose  the  kidney-celle  to  have  a  peculiar 
power  of  removing  that  body  from  the  liquids  flowing  near 
them.  This  subdivision  is  also  justifiable  on  histological 
grounds;  wherever  there  is  a  secreting  surface  or  recess  it  is 
lined  by  cells,  bnt  thciiie  cells  where  transndata  are  formed  (as 
on  the  serous  membranes)  are  mere  fiat  scales,  with  little  or 
no  protoplasm  remaining  in  them  (Fig,  lln),  while  the  cells 
whifdi  line  a  true  secreting  organ  are  culwidal,  spherical,  or 
r<dumnHr,  and  still  retain,  with  their  high  physiological  activ- 
ity, a  good  deal  uf  their  primitive  protoplasm. 

Organs  of  Seoretion.  The  simplest  form  in  which  a 
secreting  organ  occurs  (J,  Fig.  104)  is  that  of  a  flat  membrane 
provided  with  a  layer  of  cells,  a,  on  one  side  (that  un  wbicli 
the  secretion  is  poured  out)  and  with  a  network  of  capillary 
blood-vessels,  t\  on  the  other.  The  dividing  meinbnine,  A,  is 
known  as  the  baaemeni  ntemltrane  and  is  usually  made  up  of 
flat,  closely  fitting  connective-tissue  corpuscles;  snpjjorting  it 
on  its  deep  side  is  a  layer  of  conm^ctive  tissue,  tl,  tn  which  the 
blood-vessels  and  lymphatics  are  supported,  Such  simple  form^ 
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of  secret iug  surfaces  are  found  on  the  serous  membranes,  but 
are  not  common ;  in  most  cases  an  extended  area  is  required 
to  form  the  necessary  amount  of  secretion,  and  if  this  were 
attained  simply  by  spreading  out  plane  surfaces,  these  from 
their  number  and  extent  would  be  hard  to  pack  conveniently 
in  the  Body.  Accordingly  in  most  Oiises,  the  greater  area  is 
attained  by  folding  the  secreting  surface  in  various  ways  so 
that  a  largo  area  can  be  packed  in  a  small  bulk,  just  as  a 
Chinese  lantern  when  shut  up  occupies  much  less  space  than 
when  extended,  although  its  actual  surface  remains  of  the 
same  extent.  In  a  few  cases  the  folding  takes  the  form  of 
protrusions  into  the  cavity  of  the  secreting  organ  as  indicated 
at  C,  Fig.  104,  and  found  on  some  synovial  membranes;  but 
much  more  commonly  the  surface  extension  is  attained  in 
another  way.  the  bjisement  membrane,  covered  by  its  epithe- 
lium, being  pitted  in  or  involuted  as  at  B,  Such  a  secreting 
organ  is  known  as  a  gland. 

Forms  of  Glands.  In  some  cases  the  surface  involutions 
are  uniform  in  diameter,  or  nearly  so,  throughout  (5,  Fig. 
104).  Such  glands  are  known  as  tubular;  examples  are  found 
in  the  lining  coat  of  the  stomach  (Fig.  113);  also  in  the  skin 
(Fig.  V^'^)y  where  they  form  the  sweat-glands.  In  other  cases 
tlif*  invohition  swells  out  at  its  deeper  end  and  becomes  more  or 
less  sacculated  (E)\  such  inlands  are  racrniose  or  acinous.  The 
small  glands  which  form  the  oily  matter  poured  out  on  the 
hairs  aiv  of  this  typo.  In  botii  kinds  the  lining  cells  near  the 
deeper  end  are  commonly  different  in  character  from  the  rest; 
and  around  tliat  part  of  the  gl,and  the  blood-vessels  form  a 
closer  network.  These  deeper  ci-Us  form  the  true  secreting 
elements  of  the  gland,  and  the  passage,  lined  with  different 
cells,  leading  from  them  to  the  surface,  and  serving  merely  to 
carry  off  tlie  secretion,  is  known  as  the  gland-duct.  When 
the  duct  is  undivided  the  ;xland  is  simple;  but  when,  as  is 
more  usual,  it  is  branched  and  each  branch  has  a  true  secret- 
int,^  part  at  its  end,  we  get  a  compound  gland,  tubular  (G)  or 
racemose  (/•',  //)  as  the  case  may  he.  In  such  cases  the  main 
duct,  into  whicli  tlie  rest  open,  is  often  of  considerable  length, 
4S0  that  the  secretion  is  poured  out  at  some  distance  from  the 
main  mass  of  the  gland. 

A  fully  formed  gland,  //,  tluis  comes  to  be  a  complex 
stru(;ture,  consisting  primarily  of  a  duct,  c,  ductules,  dd,  and 
secreting  recesses,  ee.     The  ducts  and  ductules  are  lined  with 
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parts.     8urrotiiidii]g  eiich  subdivision  and  binding  it  to  its 
neighbors  is  the  gland  stroma  formed  of  connective  tifsue,  tt 
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layer  of  which  also  commonly  envelops  the  whole  gland,  as 
its  capsule.  Usually  on  looking  at  the  surface  of  a  large 
gland  it  is  seen  to  be  separated  by  partitions  of  its  stroma, 
courser  than  the  rest,  into  lobes^  each  of  which  answers  to  a 
main  division  of  the  primary  duct;  and  the  lobes  are  often 
similarly  divided  into  smaller  parts  or  lobules.  In  the  con- 
nective tissue  between  the  lobes  and  lobules  blood-vessels 
penetrate,  to  end  in  fine  capillary  vessels  around  the  terminal 
recesses.  They  never  penetrate  the  basement  membrane. 
Lymphatics  and  nerves  take  a  similar  course;  there  is  reason 
to  believe  that  the  nerve-fibres  penetrate  the  basement  mem- 
brane and  become  directly  united  with  the  secreting  cells  of 
some  glands. 

The  Physioal  Frooesses  in  Seoretion.  From  the  struc- 
ture of  a  gland  it  is  clear  that  all  matters  derived  from  the 
blood  and  poured  into  its  cavity  must  pass  not  only  through 
the  walls  of  the  capillary  blood-vessels,  but  also,  by  filtra- 
tion or  dialysis,  through  the  bjisement  membrane  and  the 
lining  epithelium.  By  filtration  is  meant  the  passage  of  a 
fluid  under  pressure  through  the  coarser  mechanical  pores 
of  a  membrane,  as  in  the  ordinary  filtering  processes  of  a 
chemical  laboratory  ;  and  tlie  higher  the  pressure  on  the 
liquid  to  be  filtered  the  greater  the  amount  which,  other 
things  being  equal,  will  j)as8  through  in  a  given  time.  Since 
in  the  living  Body  the  liquid  pressure  in  the  blood-capillaries 
is  nearly  always  higher  than  that  outside  them,  filtration  is 
apt  to  take  j)hice  everywhere  to  a  greater  or  less  extent,  and 
will  be  increased  in  amount  in  any  region  by  circum- 
stances raising  blood -pressure  there,  and  diminished  by  those 
lowering  it.  To  a  certain  extent  also  the  nature  of  the 
liquid  filtered  has  an  influence.  True  solutions,  as  those  of 
salt  in  water,  passed  through  unchanged  ;  but  solutions  con- 
taining substances  such  as  boiled  starch  or  raw  egg-albumen, 
which  swell  up  greatly  in  water  rather  than  truly  dissolve, 
arc  altenMJ  by  filtration  ;  the  filtrate  containing  less  of  the 
imperfectly  dissolved  body  than  the  unfiltered  liquid.  The 
higher  the  i)ressure  the  greater  the  proportion  of  such  sub- 
stances which  gets  through  ;  and  if  the  pressure  is  slight  the 
water  or  other  solvent  may  alone  })as8,  leaving  all  the  rest 
behind  on  the  filter.  Under  n)oderate  pressure  the  blood 
may  thus  lose  by  filtration  only  such  bodies  as  water  and 
salines  ;  while  an  increase  of  arterial  pressure  may  lead  to 
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the  passage  of  albumen  iind  iibrinogen.  Under  healthy  con- 
ditionn,  fur  example,  the  urine  contains  iw  albiniieTi.  hut  any- 
thing couBiderably  increusHi^  1 1 y^  !;iii)JJUiLiy. preasin't*  iu rUae  k i d- 
lieys  will  cause  it  to  appear,  /Jiff/f/.sis  or  o.imo,ns  inis  already 
been  considered  (p.  4'J);  by  it  substaoees  pasa  through  tlie  in- 
termolecular  pores  of  a  raeinbrane  independently  of  the  press- 
ure on  either  side,  and  for  its  occurrence  two  liquids  of  dif- 
ferent chenucal  cotistilution  are  required,  one  on  each  side  of 
the  membrane.     At  least  if  ditlusion  takes  place,  as  is  proba- 

Ible,  between  two  exactly  nindlar  solutions*  tht*  amount  and 
character  of  the  substances  pa^ssi ng  ofrposite  ways  in  a  given 
time  are  exactly  equal,  so  that  no  change  is  produced  by  the 

(dialysis;  wJiich  practically  amounts  to  the  same  tiling  as  if 
none  occurred.  When  a  solution  is  placed  mi  one  side  of  a 
membrane  allowing  of  diMlysis,  and  pure  water  on  the  other, 
it  is  found  that  for  every  molecule  of  t!ie  dissolved  body  that 
paases  one  way  a  definite  amount  of  water,  called  the  en~ 
domnotic  equivahnt  of  that  body,  passes  in  the  opposTle 
direction.  iLirystalhnc  bodies  as  a  rule  (haemoglobin  is  an 
exception)  have  a  low  endosmotic  equivalent  or  are  readily 
dialyzable;  while  vdloids,  such  as  gum  and  proteids,  have  a 
Tery  high  one,  so  tbat  to  get,  by  dialysis,  a  small  amount  of 
album^erT through  a  membraTie,  a  practically  infinite  amount 
of  water  must  pass  the  other  way.  Accordingly,  if  we  find 
gnch  bodies  in  a  secretion  we  cannot  suppose  that  they  have 
been  derived  from  the  blood  by  mere  osmosis. 

The  Chemical  Processes  of  Secretion.  As  above  pointed 
out  certain  secretions,  called  trausudata,  seem  to  be  products 
of  filtration  and  dialysis  alone,  containing  only  such  sub- 
fltances  as  those  which  are  found  in  the  blood-plasma,  more 
or  less  altered  in  relative  quantity  by  the  ease  or  difficulty 
with  which  they  severally  ]iassed  through  the  layers  met 
with  on  their  way  to  the  surface.  But  in  many  cases  the 
composition  of  a  secretion  cannot  be  aceonnted  for  in  this 
way  ;  it  contains  some  sppfiyk  ehmenJ,  either  a  eubstance 
which  does  not  exist  in  the  blood  at  all  and  must  therefore 
have  been  added  by  the  secreting  membrane,  or  some  body 
which,  although  existing  in  the  blood,  does  so  in  such  minute 
^portion,  compared  with  that  in  which  it  is  fonnd  in  the 
cretion,  that  some  .special  activity  of  the  secreting  cells  is 
mdleated:  some  affinity  in  them  for  these  bodies  by  which 
they  actively  pick  them  up. 
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Each  living  cell,  we  have  seen,  is  the  seat  of  constant 
chemical  activity,  taking  up  materials  from  the  medium 
about  it,  transforming  and  utilizing  them,  and  sooner  or 
later  restoring  their  elements,  differently  combined,  to  the 
outer  medium.  By  such  means  it  builds  up  and  maintains 
its  living  substance,  and  obtains  energy  to  carry  on  its  daily 
iWork.  While  this  is  true  of  all  cells  in  the  Body,  we  find 
certain  groups  in  which  chemical  metabolism  is  the  promi- 
nent fact — cells  which  are  specialized  for  this  purpose  just 
as  muscular  fibre  is  for  contraction  or  nerve-fibre  for  con- 
duction; and  certain  of  these  prominently  metabolic  tissues 
exist  in  the  true  glands  and  produce  or  collect  the  specific 
elements  of  their  secretions.  Their  chemical  processes  are 
no  doubt  primarily  directed  to  their  own  nutritive  mainte- 
nance;  they  live  primarily  for  themselves,  but  their  nutritive 
processes  are  such  that  the  bodies  formed  in  them  and  sent 
into  the  secretion  are  such  as  to  be  usefiil  to  the  rest  of  the 
cells  of  the  community;  or  the  bodies  which  they  specially 
collect,  and  in  a  certain  sense  feed  on,  are  those  the  removal 
of  which  from  the  blood  is  essential  for  the  general  good. 

i Their  individual  nutritive  peculiarities  are  utilized  for  the 

'  welfare  of  the  whole  Body. 

The  Mode  of  Activity  of  Secretory  Cells.  If  we  con- 
sider the  modes  of  activity  of  living  cells  in  general,  it  be- 
comes clear  that  secretory  cells  may  produce  the  specific 
element  of  a  secretion  in  either  of  two  ways.  They  may, 
as  a  by-result  of  their  living  play  of  forces,  produce  chemical 
changes  in  the  surrounding  medium  ;  or  they  may  build  up 
certain  substances  in  themselves  and  then  set  them  free  as 
specific  elements.  Yeast,  for  example,  in  a  saccharine  solu- 
tion causes  the  rearrangement  into  carbon  dioxide,  alcohol, 
glycerine  and  succinic  acid,  of  many  atoms  of  carbon,  hydro- 
gen and  oxygen  which  previously  existed  as  sugar;  and 
a  very  considerable  quantity  of  sugar  may  be  broken  up  by 
the  activity  of  a  few  living  yeast-cells.  How  the  latter  act 
we  do  not  know  with  certainty,  but  most  likely  by  picking  cer- 
tain atoms  out  of  the  sugar  molecule,  and  leaving  the  rest  to 
fall  down  into  simpler  compounds.  On  the  other  hand,  we  find 
cells  which  form  and  store  up  in  themselves  large  quantities 
of  substances,  which  they  afterwards  liberate;  starch,  for 
instance,  being  formed  and  laid  by  in  many  fruit-cells,  and 
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afterwanls  dtasolved  and  sent  in  eolution  to  nourish  the 
young  plant. 

Gland-cells  might  a  jtriori  give  riae  to  the  sped  fie  ele- 
ments of  eecretirms  in  either  of  these  ways,  and  we  have  to 
seek  in  which  manner  tliey  work.  Do  they  <iniply  act  as  fer- 
menta  (however  tliat  h)  upon  the  surrounding  medium;  or 
do  they  form  or  collect  the  bodies  characterizing  their 
secretion,  first  within  their  own  substance,  and  then  liberate 
them,  either  disiutegrating  or  not  at  the  same  time?  At 
present  there  h  a  hirge  am)  an  inereiLsing  miisa  of  evidence 
in  favor  of  the  second  view.  There  is,  no  doubt,  some 
reason  to  believe  that  eyery  living  cell  can  act  more  or 
less  as  a  ferment  upon  certain  solutions  shouhl  they  come 
into  contact  with  it.  Not  always,  of  cotirse,  as  an  alcohol jc 
ferment,  thougli  even  as  regards  that  one  fermentative  power 
it  seems  very  generally  possessed  by  vegetable  cells,  and  there 
is  some  evidetice  that  alcohol  is  normally  jiroduced  in  small 
amount  (and  presumably  by  the  fermentation  of  sugar)  uiuler 
the  influence  of  certain  of  the  living  tissues  of  the  Ihuuan 
Body.  As  regards  dii^tinctively  secretory  cells,  however,  the 
evidence  is  all  tlie  other  way,  and  in  many  cmcs  we  cau  see 
the  specific  clement  collecting  in  the  glaud'Colls-hefnro  it  is 
set  free  in  the  secretion.  For  example,  in  tlie  oibglands  of 
the  skin  (Chapter  XXVIII)  we  find  the  secreting  cells,  at 
first  granular,  nucleated,  and  protophismic,  gradually  under- 
going changes  by  which  their  protoplasm  disappears  and  is 
replaced  by  oil-droplets,  until  finally  the  whole  cell  falls  to 
hits  and  its  detritus  forms  the  secretion;  the  cells  being  re- 
placed by  new  ones  constantly  formed  within  the  gland.  In 
such  cases  the  secretion  is  the  nltiuiate  product  of  the  cell- 
life,  the  result  of  degenerative  changes  of  old  age  occurring 
in  it. 

In  other  cases,  however,  the  liberation  of  the  specific  ele- 
ment  is  not  attended  with  the  destruction  of  the  secreting 
cell;  as  an  example  we  nmy  take  the  pancreas,  which  is  a 
large  gland  lying  in  the  abdomen  and  forming  a  secretion 
used  in  digestion.  Among  others,  this  secretion  possesses 
the  power,  under  certain  conditinns,  of  dissolving  proteiils 
and  converting  them  into  dialyzablc  peptones  (p.  10),  Tiiis 
it  owes  to  a  specific  element  known  as  trypsin^  the  formation 
of  whrch,  or  rather  of  its  forerunner  /^  '.  'trn,  within  the 
gland-cells  can  be  traced  wi^h  the  rui«3n 
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The  pancreas,  like  the  majority  of  the  glands  connected 
with  the  alimentary  canal^  has  an  intermittent  activity,  de- 
termined by  the  presence  or  absence  of  food  in  various  parts 
of  the  digestive  tract.  If  the  organ  be  taken  from  a  recently 
killed  dog  which  has  fasted  thirty  hours  and,  after  proper 
preparation,  be  stained  with  carmine  and  examined  micro- 
scopically, we  get  specimens  of  what  we  may  call  the  "  rest- 
ing gland  " — a  gland  which  has  not  been  secreting  for  some 
time.  In  these  it  will  be  seen  that  the  cells  lining  the  secret- 
ing recesses  present  two  very  distinct  zones:  an  outer,  next 
the  basement  membrane  which  combines  with  the  coloring 
matter  and  is  not  granular,  and  an  inner  which  is  granular 
and  does  not  pick  up  the  carmine.  The  grannlai  we  shall 
find  to  be  indications  of  the  presence  of  a  tryfjinijit^lding 
BttbBtanoe-lormed  in  the  cells. 

If  another  dog  be  kept  fasting  until  it  has  a  good  appetite 
and  be  then  allowed  to  eat  as  much  meat  as  it  will,  the  animal 
will  commonly  take  so  much  that  the  stomach  will  only  be  emp- 
tied at  the  end  of  about  tiroaty  hours.  This  period  may,  so 
far  SIS  the  pancreiis  is  concerned,  be  divided  into  two.  From 
the  time  the  food  enters  the  stomach  and  on  for  about  ten 
hours. the  gland  secretes  abundantly;  after  that  the  secretion 
dwindles,  and  by  the  end  of  the  second  Xaw  hours  has  nearly 
ceased.  We  have,  then,  a  time  during  which  the  pancreas  is 
working  liard,  followed  by  a  })eriod  in  which  its  activity  is 
very  little,  but  during  which  it  is  abundantly  supplied  with 
food-materials.  The  pancreas  taken  from  an  animal  at  the 
end  of  the  first  period  and  })ri»})ared  for  microscopic  exami- 
'^  nation  will  be  found  different  from  that  taken  from  a  dog 
killed  at  the  end  of  the  second  digestion  j)eriod,  and  also 
from  the  resting  gland.  Towards  the  end  of  the  period  of 
active  work  the  gland-cells  are  diminished  in  size  and  the 
proportions  of  the  granular  and  non-granular  zones  are  quite 
altered.  The  latter  now  occupies  most  of  the  cell,  while 
the  granular  non-staining  inner  zone  is  greatly  diminished. 
During  the  secretion  there  is.  therefore,  a  growth  of  the  non- 
granular and  a  destruction  of  tlie  granular  zone:  and  the 
latter  process  rather  exceeding  tlie  former,  the  whole  secret- 
ing cell  is  diminislied  in  size.  During  the  second  digestive 
period,  when  secretion  is  languid,  exactly  a  reverse  process 
takes  j)lace.  The  cells  increase  in  size  so  as  to  become  larger 
tlian  tliose  of  the  resting  gland;  and  this  growth  is  almost 


n 


THE  SECRETORY  TISSUES  AND  ORGANS. 


291 


wai 


entirely  due  to  the  grantihir  zone  which  uow  occupies  most 
of  the  cell. 

These  facts  suggest  that  during  secretion  ilie  granular 
part  of  the  cells  is  used  up:  but  that,  ii;irini]tRUeously.  the 
deeper  non  *  gnuiular  zone,  being  fornieil  from  materials 
yielded  by  the  blood,  gradually  renews  the  granolar.  Dur- 
ing active  secretion  the  breaking  down  of  the  latter  to 
yield  the  specitic  element  occurs  faster  tlian  its  regenera- 
tion;  ie  a  later  period,  however,  when  the  secretion  is  ceas- 
ing, the  whole  cell  grows  and,  especially^  the  granular  zone  is 
formed  faster  than  it  is  disintegrated;  hence  the  great  in- 
crease of  that  part  of  the  cell.  If  this  be  so,  then  we  on^^ht 
to  thid  some  rehitiousliij)  between  the  digestive  activity  of  an 
iof  usion  or  extract  of  the  gland  and  the  size  of  the  granular 
zones  of  the  cells;  and  it  has  been  shown  that  such  exists; 
the  quantity  of  trypsin  which  can  he  obtained  from  a  pan- 
creas being  proportionate  to  the  size  of  that  portion  of  its 
cells. 

The  trypsin,  however,  does  not  exist  in  the  cells  ready 
formed,  but  only  a  body  which  yields  it  under  certain  cir- 
cumstanceSy  and  called  /rtfpshtofjen. 

If  a  perfectly  fresh  pancreas  be  divided  into  halves  and 
one  portion  immediately  minced  and  extracted  with  glyce- 
rine, wiiile  the  other  is  laid  aside  for  twenty-four  hours  in  a 
warm  place  and  then  similarly  t rented »  it  will  be  found  that 

ie  tirst  glycerine  extract  has  no  power  of  digesting  proteids, 
ile  the  second  is  very  active.  In  other  words,  the  fresh 
,nd  does  not  contain  trypsin,  but  only  something  which 
elds  it  under  some  conditions;  among  others,  on  being 
kept.  The  inactive  glycerine  extract  of  the  fresh  gland  is, 
however,  rich  in  IrCj^^p&innjjflja :  for  if  a  little  aertic  Ticf^*bc 
added  to  it,  4?»j^Min  is  formed  and  the  extract  becomes 
powerfully  digestive. 

We  may,  then,  sum  up  the  life  of  a  pancreas-cell  in  this 
way.  It  growls  by  materials  derived  from  the  blood  and  first 
laid  down  in  the  non -granular  zone.  This  latter,  in  the  ordi- 
nary course  of  the  celMife,  gives  rise  to  the  granular  zone; 
and  in  this  is  a  store  of  tryps^inogen  prodin-ed  by  tlie  active 
metabolisms  of  the  cell.  When  the  gland  secretes,  the  tryp- 
sinogcn  is  converted  into  try|)sin  and  set  free  in  the  secre- 
tion; but  in  the  resting  gland  this  transfonnatron  does  not 
occur.     During   secretory   activity,  therefore^  the   ciiemical 
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processes  taking  place  in  the  cell  are  different  from  those  at 
other  periods;  and  we  have  next  to  consider  how  this  change 
in  the  mode  of  life  of  the  cells  is  brought  aboat. 

Influenoe    of  the  NerYOus    System    upon  Secretion. 

When  the  gland  is  active  it  is  fuller  of  blood  than  when  at 
rest:  its  arteries  are  dilated  and  its  capillaries  gorged  so  that 
it  gets  a  brighter  pink  color;  this  extra  blood -supply  might 
be  the  primary  cause  of  the  altered  metabolism.  Again^  the 
activity  of  the  pmioroas  is  under  the  influence  of  the  nervous 
system,  as  proved  not  only  by  the  reflex  secretion  called  forth 
when  food  enters  the  stomach,  but  also  by  the  fact  that 
electrical  stinniYlation  of  tlie  medulla  oblongata  will  cause  the 
glan<i  to  seerote.  The  nervous  system  may,  however,  only 
act  through  the  nerves  governing  the  calibre  of  the  gland 
arteries,  and  so  but  indirectly  on  the  secreting  cells;  while 
on  the  other  hand  it  is  possible  that  nerve-fibres  act  directly 
upon  the  gland-cells  and,  controlling  their  nutritive  pro- 
cesses, govern  tlie  production  of  the  trypsin.  To  decide  be- 
tween the  relative  importance  of  these  possible  agencies  we 
must  pass  to  the  consideration  of  other  glands;  since  the 
question  can  only  be  decided  by  experiment  upon  the  lower 
animals,  and  the  position  of  the  pancreas  and  the  diflBculty 
of  getting  at  its  nerves  without  such  severe  operations  as 
upset  the  })hysiologieal  condition  of  the  animal  furnish  ob- 
stacles to  its  study  which  have  not  yet  been  overcome. 

In  certain  other  glands,  however,  we  find  conclusive  evi- 
dence of  a  direct  action  of  nerve-fibres  upon  the  secreting 
elements.  When  the  soi«ti0.-uesve  of  »  ofti  is  gtimnla^ 
electrically,  the  baU»^-it»ieet-aweftk  Under  ordinary  cir- 
cumstances they  become  at  the  same  time  lod  mmA  imkV  e< 
bhJOlT';  but  that  this  congegtion  is  a  factor  fA  subeidiftry  im- 
portance  Jis  regard h-  eooretio 1 1  is  proved  by  the  facts  that  stim- 
ulation of  the  nerve  is  still  able  to  excite  the  gland-cells  and 
cause  sweating  in  a  limb  which  has  been  amputated  ten  or 
fifteen  minutes  (and  in  which  tlierefore  no  circulatory  changes 
can  occur)  and  also  bv  the  cold  sweats,  with  a  pallid  skin,  of 
phtliisis  and  the  deatli-airony.  It  is,  however,  with  reference 
to  the  submaxillary  and  })arotid  salivary  glands  that  our  in- 
formation is  most  precise. 

When  the  mouth  is  empty  and  the  jaws  at  rest  the  sali- 
vary secretion  is  comparatively  little:  but  a  sapid  substance 
placed  on  the  tongue  will  cause  a  copious  flow.     The  phe- 
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lenoTi  is  closely  comimrable  to  tlie  production  of  a  reflex 

imscular  contnR^tion,     A  stiiiiiiliis  iicthig  upoti  an  irritiible 

tisaue  excites  tlirough  it  certain  iiiTerent  nerve-fibres;  llie^e 

excite  a  nervf-cetitre,  whicb  in  turn  stimulates  efferent  fibres; 

goiog  to  i\  muscle  in  tlje  one  case,  to  a  gland  in  the  other. 

It  will  be  useful  to  eonsitler  again  for  a  moment  what  occurs 

ill  the  caj?e  of  the  mnsele,  taking  account  only  of  the  efferent 

iibreii  and  the  parts  they  act  upon. 

When  a  muscle  in  the  Body  is  made  to  contract  reflexly, 
through  its  nerve,  two  eventni  oecnr  in  it.  One  is  the  short'- 
ening  of  the  muscuhir  fibres;  the  other  m  the  dihitation  of 
the  oiUBCular  arteries;  e¥o»y  inu.^ulaj^  i»%>rve-i*«»tHt»Ht#  two 
flfltfl  r>l  filu'i  nrrrur  mpt^rTind  one  vas^^ilrinfor,  ami  normally 
both  act  together.  In  this  case^  however,  it  is  clear  that  the 
activities  of  both,  though  correlated,  are  essentially  inde- 
pendent. The  eoutnsction  is  not  due  to  the  greater  blood- 
flow,  for  not  only  can  an  excised  nruscle  entirely  deprived  of 
bloc»d  he  made  to  contract  by  stinuilatiug  its  nerves,  hut  in 
an  animal  to  which  a  small  dose  of  curari — the  arrow- poison 
of  certain  South  American  Indians— has  becTi  given,  stinni- 
lation  of  the  nerve  will  cause  tlie  vascular  dilatation  but  no 
muscular  contraction:  the  curari  paralyzing  the  motor  fibres,i 
but,  unless  in  largo  doses,  leaving  the  vaso-dilators  intact. 
The  muscular  fibres  themselves  are  unacted  upon  by  the  poi- 
aon,  as  is  proved  by  their  ready  contraction  when  directly 
gtimnlated  by  an  electric  shock. 

Now  let  us  return  to  the  salivary  glands  and  see  how 
far  the  facts  are  comparable.  The  main  nerve  of  the  sub- 
maxillary gland  is  known  as  the  chorda  inrnpftuL  If  it  be 
divided  in  a  narcotized  dog,  and  a  tube  placed  in  the  gland- 
duct,  no  saliva  will  flow.  But  on  stimuhitiug  the  peripheral 
end  of  the  nerve  (that  end  still  connected  with  the  gland) 
an  abundant  secretion  takes  place.  At  the  same  time  there 
18  a  great  dilatation  of  the  arteries  of  the  organ,  much  more 
blood  than  before  flowing  through  it  in  a  given  time:  the 
chorda  obviously  then  contains  vaso-dilator  fibres,  Kow  in 
this  case  it  might  very  well  be  that  the  [process  was  different 
from  that  in  a  muscle.  It  is  conceivable  that  the  secretion 
may  be  hut  a  filtration  due  to  increased  pressure  in  the  gland 
capillaries,  consef|nent  on  dilatation  of  the  arteries  supplying 
them.  If  a  greater  filtration  into  the  lymph  spaces  of  the 
gland   took  place,   this  liquid  might    then  merely  ooze  on 
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tbrough  the  secreting  cells  into  the  commencing  ducts  t^nd, 
as  it  passed  through,  dissolve  out  and  carry  on  from  the  cells 
the  specific  organic  elements  of  the  secretion.  Of  these,  in 
the  submaxillary  of  the  dog  at  least,  mucin  is  the  most  im- 
portant and  abundant.  That,  however,  the  process  is  quite 
different,  and  that  there  are  in  the  gland  true  secretory  fibres 
in  tiddition  to  the  vaso-dilator,  just  as  in  the  muscle  there  are 
true  motor  fibres,  is  proved  by  other  experiments. 

If  the  flow  of  liquid  from  the  excited  gland  were  merely 
the  outcome  of  a  filtration  dependent  on  increased  blood- 
pressure  in  it,  then  it  is  clear  that  the  pressure  of  the  secre- 
tion in  the  duct  could  never  rise  above  the  pressure  in  the 
blood-vessels  of  the  gland.  Now  it  is  found,  not  only  that 
the  gland  can  be  made  to  secrete  in  a  recently  decapitated 
animal,  in  which  of  course  there  is  no  blood-pressure,  but 
that,  when  the  circulation  is  going  on,  the  pressure  of  the 
secretion  in  the  duct  can  rise  far  beyond  that  in  the  gland 
arteries.  Obviously,  then,  the  secretion  is  no  question  of 
mere  filtration,  since  a  liquid  cannot  filter  against  a  higher 
pressure.  Finally,  the  proof  that  the  vascular  dilatation  is 
quite  a  subsidiary  phenomenon  has  been  completed  by  show- 
ing that  we  can  })roduce  all  the  increased  blood-flow  through 
the  gland  witliout  getting  any  secretion — that  just  as  in  a 
muscle  nerve  we  can,  by  curari,  paralyze  the  motor  fibres 
and  leave  the  vaso-dilators  intact,  so  we  can  by  atro})in,  the 
active  prini-iple  of  deadly  nightshade,  get  similar  phenomena 
in  the  gland.  In  an  atropized  animal  stimulation  of  the 
chorda  })r()(Uice8  vascular  dilatation  but  not  a  drop  of  secretion. 
Hrin'gfng'  btonf*  to  the  cells  abundantly  will  not  malce  them 
d!»mk:  we  must  seek  something  more  in  the  chorda  than  the 
vaso-dilator  fibres — some  ])ro}>er  secretory  fibres;  that  the 
atropin  acts  upon  them  and  not  upon  the  gland-cells  is  shown, 
as  in  the  muscle,  by  the  fact  that  the  cells  still  are  capable  of 
activity  when  stimulated  otherwise  than  through  the  chorda 
tynipani.  For  example,  by  stimulation  of  the  sympathetic 
fibres  going  to  the  gland. 

So  far,  then,  we  seem  to  have  good  evidence  of  a  direct 
action  of  nerve-fibres  u])on  the  gland -cells.  But  even  that  is 
not  the  whole  matter.  It  is  extremely  })n)bable,  if  not  cer- 
tain, tliat  there  are  two  sets  of  secretory  fibres  in  tlie  gland- 
nerves:  a  set  which  so  acts  ujnui  the  cells  as  to  make  them 
pass  on  more  abundantly  the  transudation  elements  of  the 
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secretion   (the  water  ami  inineml  salts),  mul  another,  finite 
different,  which  governs  the  chemical  transformatiujis  of  the 
c<?lls  so  as  to  make  tliem  produce  inuciu  from  mucigen  pre- 
?  ion  sly  stored  in  them,  in  a  way  comparable  to  the  prodnction 
of  trypsin  froni  trypshiogen  in  the  active  piiTicreas.     These 
latter  fibres  may  be  eulled  *'  IrKJ^p^ic/*  since  they  directly  con- 
t.rol  tite  cell  metabolism  r    while  the   former  may   be  called 
**  traj2g]ju]iiLoc^.l- fibres.     Some  of  the  evidence  wliich  loads  to 
tbigeonclusionU  a  little  complex,  but  it  is  worth  while  to  con- 
sider  it  briefly.     In    the   first  place,   on  stimnlution  of  the 
chorda  of  an  unexhausted  ghind  (that  is,  a  gland  not  over- 
atil^ed  by   previous   work)    the    following  points    can   be 
noted  :^ — 

With  increjising  strength  of  the  stimulus  the  quantity  of 
the  secretion,  that  is  of  the  water  poured  out  in  a  unit  of 
time,  increases  ;  at  the  same  time  the  mineral  salts  also  in- 
crease, but  more  rapidly,  so  that  their  percentage  in  a  rap- 
idly formed  secretion  is  greater  than  in  a  more  slowly 
formed,  up  to  a  certain  limit.  The  percentage  of  organic 
onstituents  of  the  secretion  also  increiises  up  to  a  Itmit;  but 
Don  ceases  to  rise,  or  even  falls  again,  while  the  water  aiui 
aillB  still  increase.  This  of  coarse  is  readily  intelligible; 
gince  the  water  and  salts  can  be  derived  continually  from  the 
blood,  while  the  specilic  elements,  coming  from  tlie  gland- 
cells,  may  be  soon  exlniusred;  and  so  far  the  experiment 
gives  no  evidence  of  the  existence  of  distijict  nerve-fibres 
for  the  salts  and  water,  and  for  the  specific  elements:  all 
vary  together  with  the  strength  of  the  stimulus  applied  to 
the  nerve.  BiU  uiuler  slightly  diifercnt  circumstances  their 
quantities  do  not  run  parallel,  Tfie  proportion  of  specific 
elements  in  the  secretion  is  largely  dependent  on  whether 
the  gland  has  been  previously  excited  or  not.  Prior  stimula- 
tion, not  carried  on  of  course  to  exhanstion,  hirgely  increases 
the  percentage  of  organic  matters  in  the  secretion  {trodnced 
by  a  subsequent  stimulation;  but  has  no  effect  whatever  on 
the  quantities  of  water  and  salts.  These  are  governed  en- 
tirely by  the  strength  of  the  second  stimulation.  Here, 
then,  wo  find  that  under  similar  circumstances  the  transuda- 
tory  and  specific  elements  of  the  secretion  do  not  vary  to- 
gether; aj»d  are  therefore  probably  dependent  upon  differetit 
exciting  causes.  And  the  facts  mii^ht  lead  us  to  suspect 
that  there  are  in   the  chorda,  besiiles  the   vaso-dilator,  tw*Q 
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otber  sets  of  fibres:  one  governing  the  salts  and  water,  and 
the  other  the  specific  elements  of  the  secretion.  So  far  the 
evidence  is,  perhaps,  not  quite  conclusive;  but  experiments 
upon  the  parotid  gland  of  the  dog  put  the  matter  beyond  a 
doubt. 

The  submaxillary  gland  receives  fibres  from  the  sympa- 
thetic system,  as  well  as  the  chorda  tifmpani  from  the  cerebro- 
spinal. p]xcitation  of  the  sympathetic  fibres  causes  the 
gland  to  secrete,  but  the  saliva  inured  out  is  different  from 
that  following  chorda  stimulation,  which  is  in  the  dog  abun- 
dant and  comparatively  i>oor  in  organic  constituents,  and 
accompanied  by  vascular  dilatiit ion:  while  the '^ sympathetic 
saliva,''  as  it  is  called,  is  less  abundant,  very  rich  in  mucin, 
and  accompanied  by  constriction  of  the  gland  arteries. 
According  to  the  above  view  we  might  suppose  that  the 
chorda  contains  many  transudatory  and  few  trophic  fibres, 
and  the  sympathetic  many  trophic  and  few  transudatory. 
It  might,  however,  well  be  objected  that  the  greater  rich- 
ness in  organic  bodies  of  the  sympathetic  saliva  was  really 
due  to  the  small  quantity  of  blood  reaching  the  gland,  when 
that  nerve  was  stimulated.  Tliis  might  alter  the  nutritive 
phenomena  of  the  cells  and  cause  them  to  form  mucin  in 
unusual  abuiidaiico,  in  which  oavSe  tlie  trophic  influence  of 
the  nerve  would  be  only  indirect.  Experiments  on  the 
})ar(>tid  prechulo  this  explanation.  That  gland,  like  the  sub- 
nuixiUary,  <rcts  nerve-fibres  from  two  sources:  a  cerebral  and 
a  syrnpatlietic.  The  latter  enter  the  gland  along  its  artery, 
while  the  former,  oripnating  from  the  glosso-pharyngeal, 
run  in  a  roundabout  course  to  tlie  gland.  Stimulation  of  the 
cerebral  tihros  causes  an  abundant  secretion,  rich  in  water 
and  salts,  ])ut  with  hardly  any  organic  constituents.  At  the 
same  time  it  produces  dilatation  of  the  gland  arteries.  Stim- 
ulation of  the  sympathetic  causes  couUaclion  of  the  parotid 
glami  arUiries  and  no-seoretKm  f»t^  all.  Nevertheless  it  causes 
great  clianges  in  tlie  gland-cells.  Jf  it  be  first  stimulated 
for  awhile  and  then  the  cerebral  gland-nerve,  the  resulting 
secretion  may  be  ten  times  as  rich  in  organic  bodies  as  that 
obtained  without  previous  stimulation  of  tlie  sympathetic; 
and  a  similar  phenomenon  is  observed  if  the  two  nerves  be 
stimulated  simultaneously.  So  that  the  sy ii i patlieiic  bct ye, 
though  unable  of  itself  to  cause  a  secretion,  brings  about 
gratti.ak«mwn)  changes  in  the  gland-cells.     It  is  a  distinct 
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ppWfr  iier¥€.  This  coiielusioii  is  confirmed  by  liistoloiry. 
Sections  of  the  gluntl  aftt^  piolongeil  stimulation  of  tbu  ^yni- 
pathetic  show  its  cells  to  be  quite  altered  in  appearauce,  and 
in  their  tendency  to  Cfimbine  with  carmine,  when  compared 
either  with  those  of  the  resting  gland  or  of  the  gland  which 
h&g  been  made  to  secrete  by  stimulating  its  glosso-pharyngeal 
branch  alone. 

We  have  still  to  meet  the  objection  that  the  sympathetic 
fibres  may  be  only  indirectly  tro[ihir,  govnrning  the  meta* 
b«»lism  of  the  cells  through  contraction  of  the  blood- vessels. 
If  this  were  so,  cutting  off  or  diminishing  the  blood-supply 
of  the  gUind  in  any  way  ought  to  have  the  same  result  as 
stimulation  of  its  sympathetic  fibres.  Experiment  sliows  that 
such  is  not  the  case  arid  reduces  ns  to  a  direct  tro|ddc  influ- 
ence of  the  nerve.  When  the  arteries  are  closed  and  the  cere- 
bral gland-nerve  stimnhited,  it  is  found  that  the  percentage  of 
argauic  constituents  in  the  secretion  is  as  low  as  nsua!:  it  re- 
mains almost  exactly  the  same  whether  the  arteries  are  open 
or  closed  or  have  been  previously  open  or  closed.  We  must 
conclude  that  the  peculiar  inlhience  of  the  sympathetic  does 
not  depend  upon  its  vaso-coniilri^'tor  fibres, 

These  observations  make  it  clear  that  the  phenomena  of 
secretion  are  dependent  on  very  complex  conditions,  at  least 
in  the  Sidivary  glands  and  presumably  in  others.  Primarily 
dependent  upon  filtration  atul  dialysis  from  the  bkMjd-vessels 
and  upon  the  physiological  character  of  the  gland -eel  Is,  both 
of  these  factors  are,  we  fiudj  controlled  by  the  nervous  syetem, 
such  secreting  cells  beiug  no  more  automntic  than  striped 
muscle;  and  the  facts  also  give  us  imjiortant  evidence  of  the 
power  of  the  nervous  system  to  influence  cell  nutrition  directly. 
In  other  simpler  cases,  secretion  seems  to  be  a  mere  direct  re- 
sult of  the  growth  and  life  of  the  secreting  cell;  for  example 
the  formation,  storage  and  discharge  of  fatty  matters  by  the 
oih glands  of  the  skin. 

Bummary.  By  secretion  proper  is  meant  the  separation 
of  sue! J  substances  from  the  blood  as  are  poured  out  on  free 
surfaces  of  the  Body,  whether  external  or  interual  In  its 
siin]de>=t  form  it  is  merely  n  physical  i>roce8S  dependent  on  fil- 
tration and  dialysis;  for  example,  the  elimination  of  carbon 
dioxide  from  the  surfaces  of  the  lungs,  and  very  w^atery  liquid 
poured  out  on  the  surface  of  the  serous  membranes.  Such 
secretions  arc  known  iis  tranHUiiiita,  and  their  amount  is  only 
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jndLrectly  controlled  by  the  nerj^ys  system,  through  the  in- 
fluence  of  the  hitter  upon  the  circulg^^  of  the  blood ;  they 
are  however  dependent  on  the  structure  of  the  cells  concerned, 
so  that  the  characters  of  the  transudata  and  their  quantity  are 
altered  when  the  cells  are  diseased.  After  death,  too,  the 
process  of  dialysis  through  such  cells  is  different  from  that 
during  life,  for  the  living  cell  controls  to  a  certain  extent  the 
nature  and  amount  of  the  substances  which  it  will  allow  to 
pass  through  it.  The  cells  lining  such  surfaces  are  not,  how- 
ever, secretory  tissues  in  any  true  sense  of  the  word.  In 
other  cases  the  lining  cells  are  thicker,  and  more  actively 
concerned  in  the  process;  they  are  then  usually  spread  over 
the  recesses  of  a  much  folded  membrane,  so  that  the  whole 
is  rolled  up  into  a  compact  organ  called  2k  gland y  the  secre- 
tion of  which  may  contain  only  transudation  eletnents  (as 
for  example  that  of  the  lachrymal  glands  which  form  the 
tears)  or  may  contain  a  specific  elementy  formed  in  the 
gland  by  its  cells,  in  addition  to  transudation  elements. 
In  both  cases  the  activity  of  the  organ  may  be  influenced 
by  the  Derv.oi*»  system,  usually  in  a  reflex  manner  (e.g.  the 
watering  of  the  eyes  when  the  eyeball  is  touched  and  the 
saliva  poured  into  the  mouth  when  food  is  tasted),  but  may 
also  be  otherwise  excited,  as  for  example  the  flow  of  tears- 
under  the  influence  of  those  changes  of  the  central  nervous  t 
system  which  are  associated  with  sij^^LAiii^ations,  or  the  water-  ''] 
ing  of  the  mouth  at  the  thought  of  dainty  food.  The  nerves 
going  to  such  glandsj^besides  controlling  their  bloodvessels^ 
act  upon  tlie  gland-cells;  one  set  governing  the  amount  or 
transudation  of  tatjy^and  salines  which  shall  take  place 
througli  them,  and  another  (in  the  case  of  glands  producing 
secretions  witli  one  or  more  specific  elements)  controlling  the 
]n*o(l notion  of  tliese,  by  stjirting  new  chemical  processes  in~  * 
the  eeijs  by  which  a  substance  built  up  in  tliem  during  rest 
is  converted  into  the  specific  element,  which  is  soluble  in  and 
carried  otl  by  the  transudation  elements.  What  the  specific 
element  of  a  gland  shall  be,  or  whether  its  secretion  contain 
juiy,  is  dependent  on  the  nature  of  its  special  cells;  how 
nuich  transudation  and  how  much  specific  element  shall  be 
secreted  at  any  time  is  conTlMlh^l  by  the  nervous  system; 
just  as  the  contractility  of  a  muscle  depends  on  the  endow- 
ments of  muscular  tissue,  and  whether  it  shall  rest  or  con- 
tract— and  if  the  latter,  how  powerfully — upon  its  nerve. 


CHAPTER   XX. 


TITE  INCOME  AND  EXPENDITURE  OF  THE  BODY. 


The  Material  Losses  of  tb©  Body,  All  day  long  while 
life  lasts  eiich  of  us  is  luaiug  something  from  liis  Body,  I'he 
air  breathed  into  the  lungs  becomes  iu  them  laden  with 
carboo  dioxide  iiml  water  vapor,  which  are  carried  off  with 
it  wlieii  it  is  exjiired.  The  skiu  is  m  coustautly  giving  otf 
moisture,  the  total  qnantity  in  twenty-four  hours  being  con- 
siderable, even  when  the  amount  passed  out  at  any  one  time 
is  so  small  as  to  be  evaporated  at  once  ami  so  does  not  collect 
M  drops  of  visible  j*frs|iiratiou.  The  kidneys  again  are  eou- 
itamly  at  work  separating  water  and  certain  crystalline  ni- 
trogeiieous  bcwlies  from  the  blood,  along  with  some  minerali 
saU-8.  The  ])roduet  of  kidney  activity,  however,  not  being 
forthwith  carried  to  the  surface  fnit  to  a  reservoir,  in  which 
it  accumulates  luid  which  is  only  emptied  at  intervals,  the  ac- 
tivity of  those  organs  appears  at  first  sight  intertnittent.  If  to 
these  losses  we  add  certain  otlier  wfiste  snlistances  passed  into 
the  alimentary  canal  and  got  rid  of  along  with  the  undigested 
residue  of  the  food,  and  the  loss  of  hairs  and  of  dried  cells 
from  the  surface  of  the  skinj  it  is  clear  tliat  the  total  amount 
^^oijpatter  daily  removed  from  the  Body  is  considerable.  The 
"HMfel)  quantity  varies  with  the  individual,  with  the  work 
done^  and  with  the  nature  of  tlic  food  eaten;  but  the  follow- 
ing table  (p.  ^300)  gives  approxinuLtely  that  of  tlie  more  im- 
portant daily  material  losses  of  an  average  man. 

The  living  Body  thus  loses  daily  in  round  inimbers  4  kilo- 
grams of  matter  {!^  lbs.)  and,  since  it  is  n liable  to  create  new 
matter,  this  loss  mtiStrbo  compensated  for  from  the  exterior 
or  the  tissues  would  soon  dwiTidle  aw%'iy  altogether;  or  at  least 
antil  they  were  so  im|>aired  that  life  came  to  an  end.  After 
death  the  losses  would  be  of  a  different  kirvd,  and  their  (pian- 
litjinnch  more  dependent  upon  surronnding  conditions;  but 
except  under  very  unusual  circumstances  the  wasting  away 
would  atiil  continue  in  the  dead  Body,    Moreover,  the  compo- 
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aitiou  of  the  daily  wastes  of  the  living  Body  is  tolerably  con- 
etant;  it  does  not  simply  lose  a  quantity  of  matter  weighing 
so  raueh,  but  a  certain  liipount  of  definite  kinds  of  niatteiv 
carbon,  nitrogen,  oxygen,  and  so  on;  and  these  same  siib- 
stancee  must  be  restored  to  it  from  outside,  in  order  that  life 
may  be  continued.  To  give  a  «tone  to  one  asking  for  bread  < 
might  enable  him,  if  he  swallowed  it,  to  make  up  the  weight  i 
of  matter  lost  in   twenty- four  hours;    l>ut   bread  would   be 

^seeded  to  keep  him  alive.     The  Body  not  only  requires  a 
supply  of  matter  from  outside,  but  asnpply  of  certain  definite* 
kinds  of  matter,   Ni^tj^e    ^^t'^s      i\    Dail^    fii^UhhS^E 

The  Looses  of  the  Body  m  Energy.  The  daily  expendi- 
ture of  mutter  by  the  living  Body  is  not  the  only  one:  as 
coutinuounly  it  loses  in  some  form  or  another  energp^  or  the 
power  of  doing  work;  often  as  mechanical  work  expended  in 
moving  external  objects,  bnt  even  when  at  rest  energy  is  con- 
stant ly  being  lost  to  the  Body  in  the  form  of  heat,  by  radia- 
tion and  conduction  to  surrounding  objects^  by  the  evaporation 
of  water  from  the  lungs  and  skin,  and  by  removal  in  warm 
excretions.  Unless  the  Body  can  make  energy  it  must  there* 
fore  receive  a  certain  supply  of  it  also  from  the  exterior,  or  it 
would  very  soon  cease  to  carry  on  any  of  its  vital  work;  it 

.would  be  unabhi  to  move  and  would  cool  down  to  the  temper- 
iture  of  surrounding  objects.  The  discoveries  of  this  century 
having  shown  that  energy  is  as  indestructible  and  unoreatable 
(see  Physics)  as  matter,  we  are  led  to  look  for  the  sources  of 
the  supply  of  it  to  the  Body;  and  finding  that  the  living  Body 
daily  reeeives  it  and  dies  wlien  the  supply  is  cut  oiT,  we  no 
longer  suppose,  with  the  older  physiologiBts,  that  it  works  by 
means  of  a  mysterious  vital  force  existing  in  or  created  by  it; 
bnt  that  getting  energ}'  from  the  outside  it  utilizes  it  for  its 
purposes— for  the  performance  of  its  nutritive  and  other  living 
work — and  then  returns  it  to  the  exterior  in  what  the  physi- 
cists know  as  a  degraded  state;  that  is,  in  a  less  utilizable 
condition.  While  energy  like  matter  is  indestructible  it  is, 
unlike  matter,  transmntable:  iron  is  lilwjiys  iron  and  gold 
always  gold;  neither  can  by  any  means  which  we  possess  be 
converted  into  any  other  form  of  matter;  and  so  the  Body^ 
needing  carbon,  hydrogen,  oxygen,  and  nitrogen  to  build  itl 
and  to  cover  its  daily  losses,  must  be  eupphed  with  those  veryf 
substances.  As  regards  energy  this  is  not  the  case.  While' 
the  total  amount  of  it  in  the  universe  is  constant,  its  form  ie 
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constantly  subject  to  change— and  that  one  in  which  it  enters 
the  Body  need  not  be  that  in  which  it  exists  while  in  it,  nor 
that  in  which  it  leaves  it.     Daily  losing  heat  and  mechanical 

I  work  the  Body  does  not  need,  could  not  in  fact  much  utilize 
energy,  supplied  to  it  in  these  forms;  but  it  does  need  energy 
of  some  form  and  in  amount  ecpiivalent  to  that  which  it  loses. 
The  Conservation  of  Energy.  The  forms  of  energy  yet 
discovered  are  not  nearly  so  numerous  as  the  kinds  of  matter. 
Still  we  all  know  several  of  them;  such  as  light,  heat,  sound, 
electricity,  and  mechanical  work ;  and  most  people  nowadays 
know  that  some  of  these  forms  are  interconvertible,  so  that 
directly  or  indirectly  we  can  turn  one  into  another.  In  such 
'  changes  it  is  found  that  a  deflnitg  amount  of  one  kind  always 
disappears  to  give  rise  to  a  certain  quantity  of  the  other;  or, 
in  other  words,  that  so  much  of  the  first  form  is  e<|uivalent 
to  so  much  of  the  second.  In  a  steam-engine,  heat  is  pro- 
duced in  the  furnace;  when  the  engine  is  at  work  all  of  this 
energy  does  not  leave  it  as  heat;  some  goes  as  mechanical 
work,  and  the  more  work  the  engine  does  the  greater  is  the 
difference  between  the  heat  generated  in  the  furnace  and  that 
.Wving  the  machine.  If,  however,  we  used  the  work  for  rub- 
bing two  rough  surfaces  together  we  could  get  the  heat  biick 
again,  and  if  (which  of  course  is  impossible  in  practice)  we 
could  avoid  all  friction  in  the  moving  parts  of  the  machine, 
the  quantity  thus  restored  would  be  exactly  equal  to  the 
excess  of  the  boat  generated  in  the  furnace  over  that  leaving 
the  engine.  Having  turned  some  of  the  heat  into  mechanical 
work  we  could  thus  turn  the  work  back  into  heat  again,  and 
find  it  yield  exactly  the  amount  which  seemed  lost.  Or  we 
might  use  the  engine  to  drive  an  electro-magnetic  machine 
and  so  turn  part  of  the  heat  liberated  in  its  furnace  first  into 
mechanical  work  and  that  into  electricity;  and  if  we  chose  to 
use  the  latter  with  the  proper  ap])aratus,  we  could  turn  more 
or  less  of  it  into  light,  and  so  have  a  great  part  of  the  energy 
whicli  first  became  conspicuous  as  heat  in  the  engine  furnace, 
now  manifested  in  the  form  of  light  at  some  distant  point. 
In  fact,  starting  with  a  given  quantity  of  one  kind  of  energy, 
we  may  by  pro}>er  contrivances  turn  all  or  some  of  it  into 
one  or  more  other  forms;  and  if  we  collected  all  the  final 
forms  and  retransformed  them  into  the  first,  we  should  have 
exactly  the  amount  of  it  which  had  disappeared  when  the 
otlier.  kinds  appeared.     This  law,  that  energy  can  change  its 


INCOME  AND  EXPENDITUUE  OF  THE  BODY,     303 


form  but  that  its  amount  is  invariable,  that  it  cannot  be  created 
or  destroyed  but  dimply  transmuted,  is  known  as  the  law  of 
\fhe  Cuuifervaliiyn  ft/  Enerfjif  (see  Physics),  aTuI,  like  the  inde- 
itruytiUiliLy  of  matter,  lies  at  the  busis  of  idl  seientiflc  con- 
ceptions of  the  univei'Se,  whether  coiiuerned  with  animate  or 
inanimate  objects. 

Since  all  forms  of  energy  are  interconvertiblo  it  is  con- 
venient in  comparing  amounts  of  dilTereut  kinds  to  express 
them  in  terms  of  some  one  kind,  by  saying  how  ninch  of  that 
standard  form  the  given  amount  of  the  kind  spokeji  of  would 
give  rise  to  if  comjiletely  converted  into  it.  Since  the  most 
ciisily  measured  forui  of  energy  is  meclianicul  work  this  is 
commonly  taken  as  the  standard  form,  and  the  quarititios  of 
otherti  are  expressed  by  saying  how  great  a  distance  against 
the  force  of  gravity  at  the  earth's  .surface  a  given  weiglit  could 
be  raised  by  the  t'uergy  in  f|uestiuiK  if  it  were  all  spent  in 
lifting  the  weight,  U1ie  units  of  mechanical  work  being  the 
kilc»granuneter  or  Uie  foot-jmund,  thtr  mwhaniat!  vquirahul 
of  any  given  kind  of  energy  is  the  uutnber  of  kilogrammeters 
or  foot-pounds  of  work  its  unit  cjnaiitity  would  perform  if 
converted  into  media iiical  work  and  used  to  raise  a  weight. 
For  example  the  unit  <|uantity  of  Jieat  is  that  necessary  to 
raise  one  kilogram  of  water  orif  dL-gree  centigrade  in  tenqier- 
ature;  or  sometimes,  in  books  wrilten  in  English,  flic  (|Ujni- 
tity  necessary  to  warin  one  pound  of  water  ont^  degree  Fahren- 
heit. When  therefore  we  Jsay  tluit  the  Fuecbauieal  equivalent 
of  heat  is  4'^*3  kilogrammeters*  we  u»eari  that  the  quantity  of 
heat  which  would  raisi^  one  kilogram  of  water  in  temperature 
from  4"^  C.  to  y  C  would,  if  all  turned  into  mechanical  work, 
be  Able  to  raise  one  kilogram  4'J'ii  meters  against  the  attraction 
of  the  earth:  and  convtirsely,  that  this  amount  of  luechanical 
work  if  turned  into  heat  would  waruj  a  kilogram  of  wjUit 
one  degree  centigrade,  The  mecharrical  equivalent  of  lieal, 
taking  the  Fahrenheit  tliermometric  scale  and  using  feet  and 
pounds  as  measures,  is  77Ji  foot-pounds. 

Potential  and  Kinetic  Energy,  At  times  energy  seems 
to  be  lost*  i>rdiuarily  we  only  observe  it  when  it  is  doing 
work  and  producing  some  change  in  matter:  but  somelimeB 
^v  it  is  at  rest,  stered  away  and  producing  no  changes  that  we 
^^freeognize  and  thus  seems  to  have  been  destroyed.  Energy  at 
V  work  is  know^n  iu»  kinvtir  enerf/t/ ;  energ}^  at  rest,  not  proclur- 
I        ing  changes  in  matter,  is  called  potential  energy.     Suppose  a 
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stone  pulled  up  by  a  string  and  left  suspended  in  the  air. 
We  know  a  certain  amount  of  energy  was  used  to  lift  it;  but 
while  it  hangs  we  have  neither  heat  nor  light  nor  mechanical 
work  to  represent  it.  Still  the  energy  is  not  lost;  we  know 
we  have  only  to  cut  the  string  and  the  weight  will  fall^  and 
striking  something  give  rise  to  heat.  Or  we  may  wind  up  a 
spring  and  keep  it  so  by  a  catch.  In  winding  it  up  a  certain 
amount  of  energy  in  the  form  of  mechanical  work  was  used 
to  alter  the  form  of  the  spring.  Until  the  catch  is  removed 
this  energy  remains  stored  away  as  potential  energy:  but  we 
know  it  is  not  lost.  Once  the  spring  is  let  loose  again  it  may 
drive  a  clock  or  a  watch,  and  in  so  doing  will  perform  again 
just  so  much  work  as  was  spent  in  coiling  it;  and  when  the 
watch  has  run  down  this  energy  will  all  have  been  turned 
into  other  forms — mainly  heat  developed  in  the  friction  of 
the  parts  of  the  watch  against  one  another:  but  partly  also 
in  producing  movements  of  the  air,  a  portion  of  which  we 
ean  readily  observe  in  the  sound  of  its  ticking.  The  law  of 
the  conservation  of  energy  does  not  say,  then,  that  either  the 
total  potential  or  the  total  kinetic  energy  in  the  universe  is 
constant  in  amount:  but  that  the  sum  of  the  two  is  invariable, 
while  constantly  undergoing  changes  from  kinetic  to  potential 
and  vice  versa :  and  from  one  form  of  kinetic  to  another. 

The  Energy  of  Chemical  Affinity.  Between  every  two 
chemical  atoms  which  are  capable  of  entering  into  combina- 
tion there  exists  a  certain  amount  of  potential  energy;  when 
they  unite  this  energy  is  liberated,  usually  in  the  form  of  heat, 
and  once  they  have  combined  a  certain  amount  of  kinetic 
energy  must  be  spent  to  pull  them  apart  again;  this  being 
exactly  the  amount  which  was  liberated  when  they  united. 
The  more  stable  the  compound  formed  the  more  kinetic 
energy  appears  during  its  formation,  and  the  more  must  be 
spent  to  break  it  up  again.  One  may  imagine  the  separated 
atoms  as  two  balls  pushed  together  by  springs,  the  strength 
of  the  si>ring  being  proportionate  to  the  degree  of  their 
chemical  affinity.  Once  they  are  let  loose  and  permitted  to 
strike  together  the  potential  energy  previously  represented  by 
the  compressed  springs  disappears,  and  in  its  place  we  have 
the  kinetic  energy,  represented  by  the  heat  developed  when 
the  balls  strike  together.  To  pull  them  apart  again,  against 
the  springs,  to  their  original  positions,  just  so  much  mechani- 
cal work  must  be  spent  as  is  the  equivalent  of  that  amount 
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of  hea t  w h i cli  app eared  w h e ii  1 1 1 ey  s t r ii c k ;  lu u^  thus  k i oe t i c 
energy  will  again  become  latent  in  breaking  up  the  eomponnd 
represented  by  the  two  in  contact.  Tbe  energy  liberated  in 
chemical  combination  is  the  must  important  source  of  that 
nsed  in  our  muc bines:  and  also  of  that  spent  by  the  living 
Body. 

The  Relation  between  the  Matters  Bemoved  fVom.  the 
Body  daily  and  the  Energy  Spent  by  it.  A  working;  loco- 
jnotive  is,  we  know,  constantly  losing  matter  lo  the  exterior 
iiniie  form  of  ashes  and  gaseous  products  of  conibustioo,  the 
latter  being  mainly  carbQji_dioxide  and  water  vapor.  The 
engine  abo  expends  energy,  not  only  in  the  form  of  l^g^ 
radiated  to  tbe  air,  but  as  mechanical  work  in  drawing  tbe 
cars  against  the  resi. stance  offereil  liy  friction  or  sometimes, 
up  au  incline,  by  gravity.  Now  the  cngine-il river  knows  that 
there  is  a  close  relatiooabip  between  the  losses  of  matter  and 
the  expenditure  of  energy,  so  that  bo  has  to  stoke  bit;  furnace 
more  frequently  and  allow  a  greater  draft  of  air  through  it  in 
going  up  a  gra<!ient  than  when  running  on  the  level.  The 
more  work  the  engine  does  the  more  conls  and  air  it  needs  to 
make  up  for  its  greater  waste.  If  we  seek  the  cause  of  this 
relationship  between  work  and  waste,  tbe  first  answer  natu- 
rally is  that  tbe  engine  is  a  machine  the  si>ecial  object  of 
which  is  to  convert  heat  into  mechanical  work,  and  so  the 
more  work  it  has  to  do  tlie  nmre  heat  is  re<|uired  for  conver- 
sion^  and  consequently  the  more  coals  must  be  burnt.  This, 
however,  opens  the  question  of  tbe  source  of  tbe  lieat— of  all 
that  vast  amount  of  kinetic  energy  which  is  liberated  in  tbe 
furnace;  and  to  answer  this  we  must  consider  in  what  forms 
matter  and  energy  enter  the  furnace,  since  the  energy  liber- 
ated there  muBt  be  carried  in  somehow  from  outside.  For 
present  purposes  coals  may  be  considered  as  consisting  of 
carbon  and  hydrogen,  both  of  which  substances  tend  to 
forcibly  combine  with  oxygen  at  high  temperatures,  forming 
in  the  one  cjise  carbon  dioxide  and  in  the  other  water.  The 
oxygen  necessary  to  form  these  compounds  being  supplied 
by  the  air  entering  the  furnace,  all  tbe  potential  energy  of 
chemjcal  affinity  which  existed  between  the  nnconihined 
elements  becomes  kinetic,  and  is  libera^Bd-a^heat  when  the 
combination  takes  place.  The  energy  utilized  by  the  engine 
is  therefore  sujiplied  to  it  in  tbe  form  of  potential  energy, 
asuociAted  with  tbe  uncnmbined  forms  of  matter  which  reach 
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the  furnace.  Once  the  carbon  and  hydrogen  have  combined 
with  oxygen  they  are  no  longer  of  any  use  as  liberators  of 
energy;  and  the  com]K)unds  formed  if  retained  in  the  furnace 
would  only  clog  it  and  impede  farther  combustion;  they  are 
therefore  got  rid  of  as  wastes  through  the  smoke-stack.  The 
engine,  in  short,  receives  uncombined  elements  associated 
with  ]K)tentiul  energy;  and  loses  combined  elements  (which 
have  lost  the  energy  previously  associated  with  them)  and 
kinetic  energy:  it, so  to  speak,  separates  the  energy  from  the 
matter  with  which  it  was  connected,  utilizes  it,  and  gets  rid 
of  the  exhausted  matter.  The  amount  of  kinetic  energy 
liberated  during  such  chemical  combinations  is  very  greai; 
a  kilogram  of  carbon  uniting  with  oxygen  to  form  carbon 
dioxide  sets  free  8080  units  of  heat,  or  calories.  During  the 
combination  of  oxygen  and  hydrogen  to  form  water  even 
more  energy  is  liberated,  one  kilogram  of  hydrogen  when 
completely  burnt  liberating  more  than  thirty-four  thousand 
of  the  same  units.  The  mechanical  equivalent  of  this  can  be 
calculated  if  it  is  remembered  that  one  heat  unit  =  423 
kilogrammeters. 

Turning  now  to  the  living  Body  we  find  that  its  income 
and  expenditure  agree  very  closely  with  those  of  the  steam- 
engine  It  rocoivos  from  the  exterior  substances  capable  of 
entering  into  clioniioal  union:  these  combine  in  it  and  liber- 
ate energy:  and  it  loses  kinetic  energy  and  the  products  of 
combination.  From  the  outside  it  takes  oxvgen  through  the 
lungs,  and  oxidizablo  substances  (in  the  form  of  foods) 
tlirough  the  alimentary  canal;  these  conibine  under  the  con- 
ditions prevailing  in  the  livinj^  cells  just  as  the  carbon  and 
oxygen,  which  will  not  utiite  at  ordinary  temperatures,  com- 
bine under  the  conditions  existing  in  the  furnace  of  the 
engine;  the  energy  liberated  is  employed  in  the  work  of  the 
Body,  while  the  useless  products  of  combination  are  got  rid 
of.  To  explain,  then,  the  fact  that  our  Bodies  go  on  working 
we  have  119  need  to  invoke  some  special  mysterious  power 
resident  in  them  and  capable  of  creating  energy,  a  vital  force 
having  no  relation  with  other  natural  forces,  such  as  the 
older  })hysiologists  used  to  imagine.  The  Body  needs  and 
gets  a  sup}>ly  of  energy  from  the  exterior  just  as  the  steam- 
engine  does,  food  and  air  being  to  one  what  coals  and  air  are 
to  t4ie  other;  each  is  a  machine  in  which  energy  is  liberated 
by  chemical  combinations  and  then  used  for  special  work; 
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the  character  pf  which  depeuds  upon  the  peciUianties  of 
mechanism  which  utilizes  it  in  each  Ciise,  and  not  upon  any 
peculiarity  in  the  energy  utilized  or  in  its  source.  The  Body 
is,  however,  a  far  more  economical  machine  than  any  steani- 
engine;  of  all  the  eneriry  lihcruted  in  the  hitler  only  a  small 
fraction,  about  one  eighth,  is  usefully  employed,  while  our 
Bodies  eaii  utilize  for  the  performance  of  muscular  work 
alone  orj©  fifth  of  tlie  whole  energy  supplied  to  them;  leaving 
out  of  account  altogether  the  nutritiv**  and  other  work  carried 
on  in  them,  and  tlie  heat  lost  from  them. 

The  Conditions  of  Oxidation  in  the  Living  Body,  Al- 
though the  general  principles  applied  in  the  Body  and  the 
8team -engine  for  getting  utiliza1>le  energy  are  tlie  same,  m 
minor  points  obvious  differences  are  found  between  the  two. 
fn  the  tirst  place  the  coals  of  an  engine  are  oxidized  only  at 
a  very  liigh  temperature,  one  which  would  be  ins^tantly  fatal 
to  our  Bodieti;,  whirli,  although  warm  when  eonijmred  with 
the  bulk  of  inaninuitc  object??,  are  very  slow  Qjx^s  when  com- 
pared with  a  fnrnace.  Chemistry  and  physics,  however, 
teach  us  tl>at  this  difference  is  fjuite  nrumpurtant  so  far  as 
concerns  the  anujunt  of  energy  liberatcih  If  magnesium 
wire  be  ignited  in  the  air  it  will  become  white-hot,  flante,  and 
leave  at  the  end  of  a  few  seconds  only  a  certain  amount  of 
incombustible  rust  or  mtff/nesta^  which  consists  of  the  metal 
combined  with  oxygen*  The  heat  and  light  evolved  in  thu 
process  represent  of  course  the  energy  which,  in  a  potential 
form,  was  aaeociated  w^ith  the  magnesium  and  oxygen  before 
their  combination.  We  can,  however,  oxidize  the  metal  in  a 
di^erent  way,  attended  with  no  evolution  of  light  and  no 
very  perceptible  rise  of  temperature.  If,  for  insta?ice,  wo 
leave  it  iu  wet  air  it  will  become  gradually  turned  into  mag- 
nesia without  having  ever  been  hot  to  the  touch  or  luminous 
to  the  eye.  The  process  will,  however,  take  days  or  weeks; 
and  while  iu  this  slow^  oxidation  just  as  much  energy  is  liber- 
Ated  as  in  the  former  case,  it  now  all  takes  the  form  of  heat; 
and  instead  of  being  liberated  in  a  short  time  is  sprea*!  over 
a  much  longer  one,  as  the  gradual  chemical  cond)i nation 
takes  place.  The  slowly  oxidizing  nuxgneHium  is,  therefore, 
at  Ufi  moment  noticeably  hot,  since  it  loses  its  heat  to  sur- 
rounding objects  as  fast  as  it  is  generated.  The  oxidaUons 
occurring  in  our  liodies  are  of  this  slow  kind.  An  onm^e  of 
arpwTQQt  oxidized  in  a  tire,  and  in  the  Human  Body,  would 


308  TUB  HUMAN  BODY. 

liberate  exactly  as  much  energy  in  one  case  ag  the  other,  but 
the  oxidation  would  take  place  in  a  few  minutes  and  at  a 
high  temperature  in  the  former,  and  slowly,  at  a  lower  tem- 
perature, in  the  latter.  In  the  second  place,  the  engine  dif- 
fers from  the  living  Body  in  the  fact  that  the  oxidations  in  it 
all  take  place  in  a  small  area,  the  furnace,  and  so  the  tem- 
perature there  becomes  very  high;  while  in  our  Bodies  the 
oxidations  take  place  all  over,  in  each  of  the  living  cells; 
there  is  no  one  furnace  or  hearth  where  all  the  energy  is  lib- 
erated for  the  whole  and  transferred  thence  in  one  form  or 
another  to  distant  parts:  and  this  is  another  reason  why  no 
one  part  of  the  Body  attains  a  very  high  temperature. 

The  Fuel  of  the  Body.  This  is  clearly  different  from 
that  of  an  ordinary  engine:  no  one  could  live  by  eating  coals. 
This  difference,  again,  is  subsidiary;  a  gas-engine  requires 
different  fuel  from  an  ordinary  locomotive;  and  the  Botly  re- 
quires a  somewhat  different  one  from  either.  It  needs,  as 
foods,  substances  which  can,  in  the  first  place,  be  absorbed 
from  the  alimentary  canal  and  carried  to  the  various  tlssiies; 
and,  in  the  second,  can  be  oxidized  at  ajowjiemperature  in 
the  blood  or  tissues,  or  can  be  converted  by  the  living  cells 
into  compounds  which  can  be  so  oxidized.  AVith  some  trivial 
exceptions,  all  substances  which  fulfil  these  conditions  are 
complex  chemical  compounds,  and  to  understand  their  utili- 
zation in  the  Body  we  must  extend  a  little  the  statements 
above  made  as  to  the  liberation  of  energy  in  chemical  com- 
binations. The  general  law  may  be  stated  thus:  EMJWh^^ 
liberated  whenever  chemical  union  takes  place :  and  whenever 
more  stable  compoiuids  are  formed  from  less  stable  ones,  in 
which  the  constituent  atoms  were  less  firmly  held  together. 
Of  the  liberation  by  simple  combination  we  have  already  seen 
an  instance  in  the  oxidation  of  carbon  in  a  furnace;  but  the 
union  ne^d  lifit  J?ft  ^[^  f;md?ition.  Every  one  knows  how  hot 
quifiUime  becomes  when  it  is  slaked;  tlie  water  combining 
strongly  with  the  lime,  and  energy  being  liberated  in  the 
form  of  lieat  during  tlie  process.  Of  the  liberation  of  energy 
by  the  breaking  down  of  a  complex  compound,  in  which  the 
atoms  are  only  feebly  united,  into  simpler  and  stabler  ones, 
we  get  an  example  in  alcoholic  fermentation.  During  that 
process  grape-sugar  is  broken  down  into  more  stable  com- 
pounds, mainly  carbon  dioxide  and  alcohol,  while  oxygen  is 
at  the  same  time  taken  up.  /To  pull  apart  the  carbon,  hydro- 
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gen,  and  oxygen  of  the  sugar  moleculo  requires  a  certain 
expenditure  of  kinetic  energy:  but  in  the  simiiUaneous  for- 
mation of  the  new  and  stabler  compounds  u  greater  amount  of 
energy  is  set  free,  and  the  difference  ap|*ears  as  heat,  bo  that 
tbe  brewer  frequently  has  to  coolTars'vTits'  witlVic^^  It  \%  by 
prooeeees  like  this  latter,  rather  than  by  direct  combinations, 
that  moat  of  llie  kinetic  energy  of  the  Body  is  obtained;  the 
complex  proteids  and  fata  and  starches  and  sugar  taken  as 
food  being  broken  down  (ugnally  with  concomitant  oxida- 
tion) into  simpler  and  more  stable  compounds. 

Oxidation  by  Successive  Steps.  In  the  furnace  of  an 
engine  the  oxidation  takes  place  completely  at  once.  The 
earbon  and  hydrogen  leaving  it,  if  it  is  well  managed,  are 
each  in  the  state  of  their  most  stable  oxygen  componnd. 
But  this  need  not  be  so:  we  might  first  oxidize  the  carbon  so 
as  to  form  carbon  monoxide,  CO,  and  get  a  certain  amount  of 
heat;  antl  tlien  oxidize  the  carbon  monoxide  farther  m  as  to 

»form  carbon  dioxide,  CO,,  and  get  more  heat.  If  we  add 
together  tlie  amounts  of  heat  liberated  in  each  stage,  the  sum 
will  bo  exactly  the  quantity  which  wonld  have  been  obtained 
if  the  carbon  had  been  completely  burnt  to  the  state  of  car- 
bon dioxide  at  first.  Every  one  who  has  studied  chemistry 
will  think  of  many  Bimilur  oases.  As  the  process  is  impor- 
tant physiologically,  we  nmy  take  another  example^  say  the 
oxidation  of  alcohol.  This  nnty  be  bnrnt  completely  and  di- 
rectly, giving  rise  to  carbon  dioxide  and  water — 

CJI.O    +    O,       =       2C0,     +      3H,0 

1  Alcohol.       0Oxjrg«Mi.       i  Car^Kin  (nrijticle,       3  Water» 

But  instead  of  this  we  can  oxidize  the  alcohol  by  stages,  get- 
ting at  each  stage  only  a  comparatively  small  amount  of  heat 
«TolTfld.     By  combining  it  first  with  one  atom  of  oxygen,  we 
j  ildehjde  and  water — 

C,H.O    +    0     -     C,H,0   +  11,0 

t  Alcohol.        t  Oxfiren.        1  A)d<^byde.        1  Wattr, 

Then  we  add  an  atom  of  oxygen  to  the  aldehyde  and  get 
acetic  acid  (vinegar) — 

C,H,0     +     O     =     C,HA 

]  Aldehyde.       I  Oxygen.        1  Acrtic  acid. 
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And  finally  wc  may  oxidize  the  acetic  acid  so  as  to  get  carbon 
dioxide  and  water — 

C,H,0,  +  0,  =  2C0,  +  2H,0. 

We  get,  in  both  cases,  from  one  molecule  of  alcohol,  two 
of  carbon  dioxide  and  three  of  water;  and  six  atoms  of  oxy- 
gen are  taken  up.  In  each  stage  of  the  gradual  oxidation  a 
certain  amount  of  heat  is  evolved;  and  the  sum  of  these  is 
exactly  the  amount  which  would  have  been  evolved  by  burn- 
ing the  alcohol  completely  at  once. 

The  food  taken  into  the  Body  is  for  the  most  part  oxi- 
dized in  this  gradual  manner;  the  products  of  imperfect 
combustion  in  one  set  of  celjs  beingv^arried  off  and  more 
com])lctei^'  oxidized  in  anotlier^set,  unfel  the  final  products, 
no  longer  capable  of  further  oxidation  in  the  Body,  are  car- 
ried to  the'lungs,  or  kidneys,  or  skin,  and  got  rid  of.  A  great 
object  of  physiology  is  to  trace  all  intermediate  compounds 
between  the  food  which  enters  and  the  waste  products  which 
leave;  to  find  out  just  how  far  chemical  degradation  is  carried 
in  each  organ,  and  what  substances  are  thus  formed  in  vari- 
ous parts:  but  at  present  this  part  of  the  science  is  very  im- 
perfect. 

The  Utilization  of  Energy  in  the  Human  Body.  In 
the  steam-engine  energy  is  liberated  as  heat;  some  of  the  heat 
is  used  to  evjii)orate  water  and  ex})and  the  resulting  steam; 
and  then  tlie  steam  to  drive  a  piston.  But  in  the  living  Body 
it  is  very  proj2;iLie  (indeed  almost  certain)  that  a  great  part 
of  the  enerfTV  li Iterated  by  cliemieal  tninsformations  does  not 
fi rs t  t ak e  X\\^^  JtJL^lM  - Pt ■b'lit^  -  though  some  of  it  does.  This, 
attain,  does  not  alTect  the  general  princijde:  the  source  of 
ener»i:y  is  essentially  the  same  in  both  cases;  it  is  merely  the 
form  wliich  it  takes  that  is  different.  Iti  a  galvanic  cell 
energy  is  liberated  during  the  union  of  zinc  and  sulphuric 
acid,  and  we  may  so  arrange  matters  as  to  get  this  energy  as 
heat;  but  on  the  other  hand  we  may  lead  much  of  it  off,  as 
a  galvanic  current,  and  use  it  to  drive  a  magneto-electric 
maciiine  before  it  has  taken  the  form  of  heat  at  all.  In  fact, 
that  heat  may  be  used  to  do  meciianical  work  we  must  reduce 
some  of  it  to  a  lower  temperature:  an  engine  needs  a  con- 
denser of  some  kind  as  well  as  a  furnace;  and,  other  things 
being  equal,  the  cooler  the  condenser  the  greater  the  propor- 
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tion  of  the  wbole  heat  liberutcHl  in  tlju  furnuce  wliieli  can  be 
\\^i\  to  do  work.  Now  in  a  imiscle  tJiere  is  no  coudt^Mser;  its 
teinpenitnre  is  uniform  throughout.  So  when  it  contracts 
imU  lift.*  a  weight,  the  energy  em  ployed  uuist  be  libeniled  in 
come  other  form  than  heat^sonie  fiirni  which  the  miLscnlar 
fibre  ean  use  without  u  condenser. 

Summary.  Tiie  living  Body  is  continually  losing  mat- 
ter and  exjiending  energy.  So  long  as  we  regard  it  as  work- 
ing by  virtoe  of  sonu*  vital  force,  the  power  of  generating 
which  it  hjiB  inherited,  the  waste  is  difficult  to  account  for, 
siuce  it  is  far  more  than  we  eau  imagine  as  due  merely  to 
wear  ami  tear  of  the  working  parts.  When  Jn;)wever,  we  eon- 
mler  the  nature  of  the  income  of  the  Body,  and  of  its  ex- 
penditure, from  a  cheinicu-physical  point  of  view,  we  get  tbe 
chie  tu  the  puzzle,  (ffhe  Body  does  not  waste  Ijecause  it  i 
works,  but  works  because  it  waste^  The  working  power  is  11  (  ' 
obtained  by  chemical  changes  occurring  in  it,  aitsfociated  with 
the  liberatioii  of  energy  which  the  living  cells  utilize;  and 
the  i»roduct8  of  these  chemical  changes,  being  no  longer 
available  ajs  sources  of  energy,  are  jiassed  out.  The  chemical 
cJnuiges  eone^erned  are  mainly  the  breaking  down  of  complex 
and  unstalde  chemical  compnntids  into  simpler  and  more 
stable  ones,  with  concomitant  oxidation.  Accordingly  the 
material  losses  of  the  Body  are  highly  or  completely jjj^idized , 
tolerably  sfrnxde,  chemical  compounds;  and  Us  material  in- 
come is  mainly  uncombined  oxygen  and  ox  id  J  zable  jj  u  bj^tan  ces, 
the  former  obtained  tfirongli  the  Itnigs,  the  latter  through 
the  alimentary  canal.  In  energv%  its  income  is  the  potential  * 
energy  of  uncombined  or  feebly  combined  elements,  wliich 
are  capable  of  combining  or  of  forming  more  stable  t*om* 
pounds;  and  its  final  expemliture  is  kinetic  energ}^  almost 
entirely  in  tlie  form  of  tuechanical  work  and  heat.  Given 
oxygen,  all  oxjdizable  bodies  will  not  serve  to  keep  the  Body 
alive  and  working,  but  only  those  which  (1)  are  capable  of' 
absorption  from  the  alimentary  canal  and  (;«J)  those  which  # 
are  oxidizable  at  the  temperature  of  the  Body  under  the  influ- 
ence of  protriphtsm.  Just  an  carbon  and  oxygen  will  not 
Duite  u\  the  furnace  of  an  engine  unless  the  lire  be  lighted  by 
the  application  of  a  match  but,  when  once  started,  the  heat 
evolved  at  one  point  will  serve  to  bring  about  the  conditions 
of  combination  throogb  the  rest  of  the  mass,  so  the  oxida- 
tions of  the  Body  only  occur  under  special  conditions;  and 
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these  are  transmitted  from  parent  to  offspring.  Every  new 
Human  Being  starts  as  a  portion  of  protoplasm  separated 
from  ii  parent  and  affording  the  conditions  for  those  chemi- 
cal combinations  which  supply  to  living  matter  its  working 
power:  this  serves,  like  the  energy  of  the  burning  part  of  a 
fire  to  start  similar  processes  in  other  portions  of  matter.  At 
I  present  we  know  nothing  in  physiology  answering  to  the 
match  which  lights  a  furnace;  those  manifestations  of  energy 
which  we  call  life  are  handed  down  from  generation  to  gen- 
*  eration,  as  the  sacred  fire  in  the  temple  of  l^fiftto  from  one 
f  watcher  to  another.  Science  may  at  some  time  teach  ns  how 
to  bring  the  chemical  constituents  of  protoplasm  into  that 
combination  in  which  they  possess  the  faculty  of  starting 
oxidations  under  those  conditions  which  characterize  life; 
then  we  shall  have  learnt  to  strike  the  vital  match.  For 
the  present  we  must  be  content  to  study  the  properties  of 
that  form  of  matter  which  possesses  living  faculties;  since 
there  is  no  satisfactory  proof  that  it  has  ever  been  prodnced, 
within  our  experience,  apart  from  the  influence  of  matter 
already  living.  How  the  vital  spark  first  originated,  bow 
molecules  of  carbon,  hydrogen,  nitrogen  and  oxygen  first 
united  with  water  and  salts  to  form  protoplasm,  we  have  no 
scientific  data  to  ground  a  positive  opinion  upon,  and  such  as 
we  may  have  must  rest  upon  other  grounds. 


f 
^   .       C<r^xJc.^J.--      t^    t)    ^       ckjLU^        vJ'lJ.^  lit'  . 


OHAPTEB  XX 
FOODS. 


Foods  as  Tiaaiie-formers.  Hitherto  we  have  considered 
tooiU  merely  m  murce  of  energy,  hut  they  are  also  rec|iiired 
to  build  up  the  subBtance  of  the  Body.  From  birth  to  man- 
hood we  increase  in  bulk  iiud  weight,  atid  that  not  merely  by 
accumulating  water  and  sut^h  subatunceB,  but  by  forming  more 
bone,  more  muscle,  more  brain,  and  ao  on,  from  materials 
which  are  not  necessarily  bone  or  muscle  or  nerve-tissue. 
Alongside  of  the  processes  by  which  complex  substances  are 
broken  down  and  oxidised  uiul  energy  liberated,  constructive 
processes  take  place  by  which  new  coujplex  bodies  are  formed 
from  simpler  substances  taken  as  food.  A  great  part  of  the 
energy  liberated  in  the  Body  is  in  fact  utilized  first  for  this 
purpose,  since  to  construct  complex  unstable  molecules,  like 
those  of  protoplasm^  from  the  simpler  c^ompounds  taken  into 
the  Body,  needs  an  expenditure  of  kinetic  euerg}\  Even 
after  full  growth,  when  tlie  Body  ceiises  to  gain  weight,  the 
same  syntlietic  processes  go  on;  the  livijitjjjasui^ijuai-atfiadily 
broken  down  and  constantly  reconstructed,  as  we  see  ilhis- 
trated  by  the  condition" of  a  fflfth  who  has  been  starved  for 
some  time,  and  who  loses  not  only  his  power  of  doing  work 
and  of  maintainiug  his  bodily  tempi^rature  but  also  a  great 
part  of  his  living  tissues.  If  agahi  fed  properly  he  soon 
makes  new  fat  and  new  muscle  and  regains  bis  original  mass. 
Another  illustration  of  the  continuance*  of  constructive 
powers  during  the  whole  of  life  is  afforded  by  the  growth  of 
the  muscles  when  exercised  properly. 

Since  the  tissues,  on  ultimate  analysis,  yield  mainly  car- ^ 
bon,  hydrogen,  nitrogen  and  oxygen,  it  might  lye  supposed  * 
a  priori  that  a  supply  of  these  elements  in  the  un combined 
state  would  serve  as  material  for  the  constructive  forces  of 
the  Body  to  work  with.  Experience,  however,  teaches  us 
that  this  is  not  the  case,  bn|  that  the  animal  body  requires, 
for  the  most  part,  highly  complex  compounds  for  the  con- 
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struction  of  new  tissue  elements.  All  the  active  tissues  yield 
on  analysis  large  quantities  of  proteids  which,  as  pointed  out 
in  Chapter  I,  enter  always  into  the  structure  of  protoplasm. 
Now,  so  far  as  we  know  at  present,*  the  animal  body  is  iin^le 
to  build  up  proteids  from  simpler  compounds  of  nitrogen, 
although  when  given  one  variety  of  them  it  can  coqver]^  ^at 
one  into  others,  and  combine  them  with  other  things  to  form 
yL  protoplasm.  Ilenc^  proteids  are  an^ssential  article  of  diet, 
1*^  in  order  to  re])la(je  the  proteid  of  the  fivnig  cells  which  is 

daily  broken  down  and  eliminated  in  the  form  of  urea  and 
other  waste  substances.  Even  albuminoids  (p.  10),  although 
so  nearly  allied  to  proteids,  will  not  serve  to  replace  them 
entirely  in  a  diet;  a  man  fed  abundantly  on  gelatine,  fats, 
and  stai;iJlitts  would  starve  as^certillnly,  though  not  80  (]uit'KlV,'* 
as  if  he  got  no  nitrogenous  food  at  all :  his  tissue  waste  would 
not  be  made  good,  and  he  would  at  last  be  no  more  able  to 
utilize  the  energy-yielding  materials  supplied  to  him  than  a 
worn-out  steam-engine  could  employ  the  heat  of  a  fire  in  its 
furnace.  So,  too,  the  animal  is  unable  to  take  the  carbon  for 
the  construction  of  its  tissues,  from  such  simple  compounds 
as  carbon  dioxide.*  Its  constructive  power  is  limited  to  the 
utilization  of  the  carbon  contained  in  more  complex  and  less 
stabk'  c()ni})oun(ls,  such  as  proteids.  fats  or  sugars. 

Nearly  all  the  tissue-forming  foods  must  therefore  consist 
of  com})lex  substances,  and  of  these  a  part  must  be  proteids, 
I  since  the  Body  can  utilize  nitrogen  for  tissue  formation  only 
I  when  suj)j)lied  with  it  in  that  form.  The  bodies  thus  taken 
in  are  sooner  or  later  broken  down  into  simpler  ones  and 
eliminated;  some  at  once  in  order  to  yield  energy,  others 
only  after  having  first  been  built  up  into  part  of  a  living  cell. 
The  })artial  exceptions  afforded  by  such  losses  to  the  Body  as 
milk  for  suckling  the  young,  or  the  albuminous  and  fatty 
bodies  stored  for  the  same  purpose  in  the  ogg  of  a  bird,  are 
only  apparent:  the  chemical  degradation  is  only  postponed, 
taking  place  in  the  body  of  the  offspring  instead  of  that  of 
the  parent.  In  all  cases  animals  are  thus,  essentially,  proteid 
consumers  or  wjisters,  and  breakers  down  of  complex  bodies; 
the  carbon,  hydrogen,  and  nitrogen  which  they  take  as  foods 
in  the  Tonn  of  complex  unstable  bodies,  ultimately  leaving 

*  Then*  is  some  reason  to  believe  that  souie  few  of  the  lower  animals 
which  contain  chloroj)hyl  can  manufacture  ]»roteids  and  utilize  carbon 
dioxide. 
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them  in  the  simpler  compounds,  carbon  dioxide,  waten  and 
im*^;  which  are  incapable  of  either  yielding  energy  or  huild- 
iDg  tissue  for  any  other  aniniaJ  and  so  of  serving  it  as  food. 
The  question  immediutuly  suggests  itsel fallow,  Bince  animals 
are  constantly  breaking  up  these  complex  bodies  and  cannot 
k|[giiin  build  them,  is  the  supply  kept  up  ?  For  example,  the 
supply  of  proteids,  substances  which  cannot  be  made  arti- 
ficially by  any  process  wliich  we  know,  and  yet  are  necessary 
iooiH  for  all  animals,  and  daily  destroyed  by  them.  |i 

The  Pood  of  Plants.     As   regards  our  own  Bodies  the  p 
qaestiou  at  the  end  of  the  last  paragraph  might  perha|>8  be  I 
answered  by  saying  that  we  get  our  proteids  from  the  flesh  i 
of  the  other  animals  which  we  eat.     Bui,  then,  we  have  to   f 
account  for  the  possession  of  them  by  those  animals;  since    /'^  i 
they  cannot  make  them  from  urea  and  carbon  dioxide  and  ~K  * 
water  any  more  than  we  can.     The  animals  eaten  get  them, 
in  fact,  from  plants  which  are  the  great  proteid  formers  of 
the  world,  80  that  the  most  carnivorous  animal  fyally  depends 
for  its  most  essential  foods  upon  the  vegetable  kingdom;  the 
fox  that  devours  a  hare  in  the  long-riiTi  lives  on  the  proteids 
of  the  herbs  that  the  hare  bad  previously  eaten.     All  animals 
»re  thus,  in  a  certain  sense,  parasites;  they  only  do  half  of 
their  own  nutritive  work,  just  the  final  stages,  leaving  all  the 
rest  to  the  vegetable  kingdoui  and  using  the  products  of  its 
labor  ;  and  [ihiTUii  are  abie  to  meet  this  demand  because  they  | 
can  live  on  the  simple  cotn pounds  of  earbonj  lijcirogen,  and  I 
nitrogen  eliminated  by  animals,  building  up  out  of  them  new 
complex  substances  which  animals  can  use  as  food.     A  green 
plan  t ,  sn  p  p  lied  w  i  t  h  am  moiiiuin  sal  ts,  car  he » u^  d  i  o  x  i  d  e ,  water, 
and  some  minerals,  will  grow  and  build  np  large  i|uantities 
1^  of  proteids,  fajs,  stare- hes,  and  similar  things;  it  will  pull  the 
stable  compounds  eliminated  by  animals  to  pieces,  and  build 
them  up  into  complex  unstable  bodies,  capable  of  yielding 
energy  when  again  broken  down.     However,  to  do  such  work, 
to  break  np  stable  combinations  and   make  from   them  less 
stable,  needs  a  supply  of  kinej;ic  energy  which  disappears  in 
the  process,  being  stored  away  as  potijijjijil  energy  in  the  new 
compound ;  and  we  may  a^k  whence  it  h  that  the  ]dant  gets 
the  supply  of  energy  which  it  thus  utilizes  for  chemical  con- 
struction, since  its  simple  and  highly  oxidized  foods  can  yield 
it  none.     It  has  been  proved  that  for  this  purpose  the  green 
plant  uses  the  energy  of  sunlight :  those  of  its  cells  which  con* 
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tain  the  substance  called  chlorqphi/l  (leaf  green)  have  the  |)ower 
of  utilizing  energy  in  the  form  of  light  for  the  performance 
of  chemical  work,  just  as  a  steam-engine  can  utilize  heat  for  the 
performance  of  meclianical  work.  Exposed  to  light,  and  re- 
ceiving carbon  dioxide  from  the  air,  and  water  and  ammonia 
(which  is  produced  by  the  decomposition  of  urea)  and  other 
simple  nitrogen  compounds  from  the  soil,  the  plant  builds 
them  u})  again,  with  the  elimination  of  oxygen,  into  complex 
bodies  like  those  which  animals  broke  down  with  fixation  of 
oxygen.  Some  of  the  bodies  thus  formed  it  uses  for  its  own 
growth  and  the  formation  of  new  protoplasm,  just  as  an  animal 
does:  but  in  sunlight  it  forms  more  than  it  uses,  and  the 
excess  stored  up  in  its  tissues  is  used  by  animals.  In  the  long- 
run,  then,  all  the  energy  spent  by  our  Bodies  comes  through 
millions  of  miles  of  space  from  the  sun ;  but  to  seek  the  source 
of  its  supply  there  would  take  us  ^ar  out  of  the  domain  of 
Physiology. 

Non-oxidisable  Foods.  Besides  our  oxidizable  foods,  a 
large  number  of  necessary  food-materials  are  not  oxidizable, 
or  at  least  are  not  oxidized  in  the  Body.  Typical  instances 
are  afforded  by  water  and  common  salt.  The  use  of  these  is 
in  great  part  physical :  the  water,  for  instance,  dissolves  ma- 
ttM'iuh^  ill  tlie  alimentary  canal,  and  carries  the  solutions 
throuixh  the  walls  of  the  digestive  tube  into  the  blood  and 
lymph  vessels,  so  that  they  can  bo  carried  from  part  to  })art; 
and  it  ]>ennits  interchanges  to  go  on  by  diffusion.  The 
salines  also  intliicnoe  tho  ^olnlnlifv  and  chemical  iutfixcianges 
of  other  things  ])resent  with  them.  8erum  albumen,  the 
chief  ))rotei(i  of  the  blood,  for  example,  is  insoluble  in  pure 
water,  but  dissolves  readily  if  a  small  quantity  of  neutral  salts 
is  ju'esent.  I^esidcs  such  uses  the  non-oxidizable  foods  have 
probably  others,  in  what  we  may  call  macliinery  formation. 
In  the  salts  which  give  their  hardness  to  the  bones  and  teeth, 
we  iiave  an  exatnple  of  such  an  employment  of  them:  and  to 
a  less  extent  the  same  may  be  true  of  other  tissues.  The 
Body,  in  fac^t,  is  not  a  mere  store  of  potential  energy,  but 
something  more — it  is  a  machine  for  the  disposal  of  it  in  cer- 
tain ways;  and,  wherever  practicable,  it  is  clearly  advanta- 
geous to  have  the  purely  energy-ex})ending  parts  made  of 
non-oxidizable  matters,  and  so  protected  from  change  and 
the  necessity  of  frequent  renewal.  The  Body  is  a  self-build- 
ing and  self-repairing  machine,  and   the   material  for  this 
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building  and  repair  must  be  supplied  iti  the  food,  as  well  as 
the  fuels,  or  oxidizable  foods,  which  yield  the  energy  the 
machine  expends;  and  while  experience  shows  us  tliat  even 
for  machinery  construction  oxidizable  matters  tire  largely 
needed,  it  is  nevertheless  a  gain  to  replace  them  by  non-oxi- 
dizable  snbstaneus  when  possible;  just  as  if  practicable  it 
would  be  advantageous  to  construct  an  engine  out  of  mate- 
rials which  wouhl  Tij^t.  nisK  although  other  conditions  deter* 
mine  the  use  of  iron  for  tliu  greater  part  of  it. 

Definition  of  Foods.  Foods  nm^  be  defined  as  subidances  t 
which i  when  taken  in  la  (he  alimentary  catnip  ore  abmrhed  '' 
/mm  lY,  and  then  serve  eitfter  to  supply  nuiterial  for  the 
growth  of  the  Body,  or  for  lite  repht cement  of  matter  which 
hag  been  removed  from  it,  eifhir  after  oxidafiun  or  iviikout 
liuuing  been  oxidized.  Foods  to  replace  matters  which  have 
lieen  oxidized  must  lie  themselves  oxidizable;  they  arc  force- 
generators,  but  may  be  aud  generally  are  also  ti^ssue-forniers; 
and  are  nearly  always  complex  organic  substances  derived 
from  other  animals  or  from  plants.  Foods  to  replace  matters 
not  oxidized  in  the  Body  Meforc€'reynhitors^  ami  are  for  the 
most  part  tolerably  simple  inorganic  compounds.  Among 
the  force-regulators  we  mnstjiowever,  include  certain  organic 
foods  which,  although  oxidized  in  the  Body  and  serving  as 
liberators  of  euergy,  yet  produce  effects  totally  dispropor- 
tionate to  the  energ}'  they  set  free,  and  for  which  eifects  they 
are  taken.  In  other  words,  tiieir  influence  as  stimuli  in  excit- 
ing certain  tissues  to  liberate  inergy,  or  as  inhibitory  agents 
checking  tlie  activity  of  parts,  is  more  marked  than  their 
direct  action  as  force -generators.  As  examples,  we  may  t^ke 
condiments:  mustard  and  pepper  are  not  of  much  use  as 
sources  of  energy,  although  tliey  no  doubt  yield  some;  we 
take  them  for  their  stimulating  efFect  on  the  mouth  ami 
other  parts  of  the  alimentary  canal,  by  which  they  promote 
an  increased  flow  of  tlie  digestive  secretions  or  an  increased 
appetite  for  food«  Theiu  and  caffein,  the  active  principles  of 
tea  and  coffee,  are  taken  for  their  stimulating  effect  on  the 
nervous  system,  rather  than  for  the  amount  of  energy  yielded 
by  their  own  oxidation. 

Condi tionB  which  a  Food  must  Fulfil.  (1)  A  food 
must  contain  the  elements  which  it  is  to  replace  in  the  Body: 
but  that  alone  is  not  sufficient.  The  elements  leaving  the 
Body  being  usually  derived  from  the  breaking  down  of  com* 
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plex  substances  m  it,  the  food  must  contain  them  either  in 
the  foroi  of  such  complex  substances,  or  in  forme  which  the 
Body  CAD  build  up  into  them,  Free  nitrogen  and  hydrogen 
are  no  use  as  foods,  since  they  are  neither  oxidizable  under 
the  couditiuTig  jjjrevuiUrig  in  the  Body  (and  consequently  can- 
not yielOt  energy)?  tToF'ul'e'fhey  capable  of  construction  by 
it  into  its  tissues.  (2)  Food  after  it  has  been  swallowed  is 
still  in  a  strict  sense  outside  the  Body;  the  alimentary  canal 
is  merely  a  tube  running  through  it,  and  m  long  as  food  lies 
there  it  does  not  form  any  part  of  the  Body  proper.  Hence 
foods  must  be  capable  of  absorption  from  the  alimentary 
canal;  either  directly,  or  after  they  have  been  changed  by  the 
processes  of  digestion.  Carbon,  for  example,  is  useless  as 
food,  not  merely  because  the  Body  could  not  build  it  up  into 
its  own  tissues,  but  because  it  cannot  be  absorbed  from  the 
alimentary  canaL  (3)  Neither  the  substance  itself  nor  anj 
of  the  products  of  its  transformation  in  the  Body  must 
ilD4iH''^8  to  the  stroctypre  or  activity  of  any  organ.  If  so 
is  si^aiiimf  not  a  food. 

Alimentary  Principles.  The  articles  which  in  commoi 
language  we  call  foods  are,  in  most  cases,  mixtures  of  scTeral 
foodstuffs,  with  substances  which  are  *^0t  fpud^^^  all.  Bread, 
for  example,  contains  water,  sajj^s,  glulen  {a  proteid),  some 
fats,  muGltstarch,  and  a  Tittle  sugar;  all  true  foodstuffs:  but 
mixed  with  these  is  a  quantity  of  veUulose  (the  chief  chemical 
constituent  of  the  walls  which  surround  vegetable  cells),  and 
this  is  not  a  food  since  it  is  incapable  of  absorption  fi^om  the 
alimentary  cauaL  Chemical  examination  of  all  the  common 
articles  of  diet  shows  that  the  actual  number  of  important 
foodstuffs  is  but  small:  they  are  repeatcil  in  various  propor- 
tions  in  the  different  things  we  eat,  mixed  with  small  quan- 
tities of  ri;gf>rant  H^tY|||^iijar  gubstaiices,  and  m  give  us  a  pleas- 
ing variety  in  our  meals;  but  the  esitentifll  qii^tancea  are 
much  the  same  in  the  fare  of  the  workman  and  in  the 
'^delicacies  of  the^sejison/'  These  primary  foodstuffs,  which 
are  found  repeated  in  so  many  different  foods,  are  known  as 
**  alim  enta  rf/  p  r  i  uc  ip  Jes ' ' ;  an  d  the  p  by  si  ol  ogi  cal  vain  e  o  f  any 
article  of  diet  depends  on  them  far  more  than  on  the  tracea 
of  flavoring  matters  which  cause  certain  things  to  be  espe- 
cially sought  after  and  so  raise  their  market  value.  The 
alimentary   principles   may   be    conveniently  classified   into 
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proteids, albuminoids,  hydrocarbons,  carbohydrates,  and  inor- 
ganic bodies. 

Froteid  or  AlbummouB  Mimentary  Principles.  Of  the 
nitrogenous  foodstuffs  the  most  important  ure  proteids:  they 
form  an  essentiiil  pari  of  all  diets,  and  are  obtained  both  from 
animals  ami  plants.  The  most  common  and  abundant  are 
myosin  and  syntonin,  which  exist  in  the  lean  of  all  njetits:  egg 
albumen ;  caseui,  found  in  milk  and  cbeese;  gluten  and  vege- 
table cafgin  from  various  plants. 

Gelatinoid  or  Albuminpici  Alimentary  Principlea.  These 
also  contain  nitrogen,  but  caiinot  replace  the  proteids  entirely 
as  foods:  though  a  man  can  get  on  with  less  proteids  when  he 
has  some  albuminoids  in  addition.  The  most  important  is 
^eiaiin,  which  is  yielded  by  the  white  fibrous  tissue  of  animals 
when  cooked.  On  the  whole  the  gelatinoids  are  not  foods  of 
high  value,  and  the  calfVfoot  jelly  and  such  compounds, 
often  given  to  invalids,  have  not  nearly  the  nutritive  value 
they  are  commonly  supposed  to  possess. 

Hydrocarbons  (Ffth  and  Oils),  Tbe  most  important  are 
stearin,  pal  matin,  and  olein,  which  exist  in  various  propor- 
tions iu  animal  fats  and  vegetable  oils;  the  more  fluid  contain- 
ing more  o!ein*  Butter  contains  also  a  little  of  a  fat  named 
butyriu-  Fats  are  compounds  of  glvcjyine  ami  fatty  acids. 
and  any  such  substance  which  is  fusible  at  the  temperature 
of  the  Body  will  serve  aig  a  food.  Tlie  stearin  of  beef  and 
mutton  fata  is  not  by  itself  fusible  at  the  body  temperature, 
but  is  mixed  in  those  foods  witli  so  much  olein  as  to  be  melted 
in  the  alimentary  canal.  Beeswax,  on  the  other  hand,  is  a 
fatty  body  which  will  not  melt  in  the  intestines  and  so  passea 
on  unabsorbed;;  although  from  its  composition  it  would  be 
useful  as  a  food  could  it  be  digested,  A  distinction  is  some- 
times made  between  fats  proper  (the  adipose  tissue  of  ani- 
mals consisting  of  fatty  conipoumls  inclosed  in  albuminous 
cell-walls)  and  oils,  or  fatty  bodies  which  are  not  so  organized. 

Carbohydrates.  These  are  mainly  of  ves^etable  origin. 
The  most  important  are  siarrh^  found  in  nearly  all  vegetable 
foods  ;  desh'iu  ;  f/uniif  ;  gntpe-artfittt,  called  also  dextrase  or 
fflucme  (into  which  starch  is  converted  during  digestion);  and 
eofU^sugar,  Su^nr  offiiiU-  and  ghfcoffen  are  alimentary  prin- 
ciples of  this  group,  derived  from  animals.  All  of  them^  like 
the  fate^ consist  of  carbon,  hydrogen  and  oxygen;  but  the  per- 
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centage  of  oxygen  in  them  is  much  higher,  there  being 
one  atom  of  oxygen  for  every  two  of  hydrogen  in  their 
molecule. 

Inorganic  Foods.  Water;  common  salt;  and  the  chlo- 
rideSy  phosphates,  and  sulphates  of  potassium,  magnesium 
and  calciuin.  More  or  less  of  these  bodies,  or  the  materials 
for  theif  formation,  exists  in  all  ordinary  articles  of  diet,  so 
that  we  do  not  swallow  them  in  a  separate  form.  Phosphates, 
for  example,  exist  in  nearly  all  animal  and  vegetable  foods; 
while  other  foods,  as  casein,  contain  phosphorus  in  combina- 
tions which  in  the  Body  yield  it  up  to  be  oxidized  to  form 
phosphoric  acid.  The  same  is  true  of  sulphates,  which  are 
partially  swallowed  as  such  in  various  articles  of  diet,  and  are 
partly  formed  in  the  Body  by  the  oxidation  of  the  sulphur  of 
various  proteids.  Calcium  salts  are  abundant  in  bread,  and 
are  also  found  in  many  drinking-waters.  Water  and  table- 
salt  form  exceptions  to  the  rule  that  inorganic  bodies  are 
eaten  imperceptibly  along  with  other  things,  since  the  Body 
loses  more  of  each  daily  than  is  usually  supplied  in  that  way. 
It  has,  however,  been  maintained  that  salt,  as  such,  is  an 
unnecessary  luxury;  and  there  seems  some  evidence  that 
certain  savage  tribes  live  without  more  than  they  get  in  the 
meat  and  vegetables  they  eat.  Such  tribes  are,  however, 
said  to  suffer  especially  from  intestinal  parasites;  and  there 
is  no  doubt  that  to  civilized  man  the  absence  of  salt  is  a  great 
privation. 

Calcium  seems  to  be  an  essential  constituent  of  all  living 
cells  and  in  some  way  closely  connected  with  the  manifestation 
of  their  activity.     As  previously  mentioned  the  heart  of  a 

,  frog  after  Tliorough  irrigation  with  dilute  solution  of  sodium 
chloride  ceases  to  beat,  but  resumes  its  pulsations  when  a 
minute  trace  of  calcium  chloride  is  added  to  the  solution; 
and  while  ordinary  serum  restores  the  beat  of  such  a  washed- 
out  heart,  serum  from  which  all  its  calcium  has  been  removed 
does  not.  Moreover  if  defibrinated  blood  to  which  a  little 
more  sodium  oxalate  than  is  sufficient  to  precipitate  all  its 
calcium  hjis  been  added,  be  circulated  through  nHTTfessels  of  a 
muscle,  the  latter  loses  its  contractility,  apparently  because 
;  the  slight  excess  of  oxalate  precipitates  the  calcium  of  the 
niu.scle-fibres;  for  the  contractility  may  be  restored  by  sup- 
plying some  dissolved  calcium  chloride,     '^^<^rv^fl  tjr^j|.^yd  Rimi.  i 

^i   larly  lose   their  irritability;   and  the  eggs  of  some   aquatic  I 
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BEoimals  will  not  develop  norm  ally  in  water  from  which  all 
calcinm  salts  have  been  rt^moved. 

Mixed  Foods,  These,  as  already  pointed  out,  include 
nearly  all  cofiimon  articlea  of  diet;  they  contain  more  than 
one  alimentary  principle.  Among  tliem  we  find  g^reat  ditler- 
eucea;  some  being  rich  in  proteids,  others  iu  starch,  others  in 
fats,  and  so  on.  The  formation  uf  a  scientitic  dietary  depends 
on  a  knowledge  of  these  ehanicteristics.  Tlie  foods  eaten  by 
man  are,  however,  m  varied  that  we  cannot  do  more  than 
consider  the  most  important.  n 

Flesh.     This,  whether  derived  from  bird,  beast,  or  fish,*^^-*^        ^ 
conHiata   essentially   of    tlie    same    tilings — mnscniar    tilyres,  jo*?   \A^ 
connective  tissue  and  tendons,  fats,  blood-vessels,  and  iiurves.   .     ^ 
It  contains  several  proteids,  es>pecially  myosin;   gelatin-yield-  \  (l$X^  Hj 
lug  matters  in   the  white   tihrous   tissue;   stearin,  palmatin, 
and  fdein  a8  representatives  of  the  fats;  and  a  small  amount  of 
carbohydrates  in  the  form  of  glycogen  and  grape-sugar,  or 
>me  chemically  allied  substances.     Flesh  also  contains  much 
>ter  and  a  considerable  ntunlier  of  tialiues.  the  most  important 
and   abundant   being  potassium  phosphat«.     Ommzomt*  is  a 
crystalline  nitrogenous  body  which  gives  much  of  its  taste  to 
flesh;    and    small   quantities   of   various   similar    suhstaneeB 
exist  in  diJTerent  kinds  of  meat.     There  is  also  more  or  less 
yellow  elajstic  tissue  iu  flesh ;    it  is  indigestible  and  useless  as 
food. 

When  meat  is  cooked  its  wbite^  Qbrous  tissue  is  turned 
into  gelatin,  and  the  whole  mass  Iieeomes  tl»us_^jga£ter  and 
more  easily  disintegrated  by  the  teetli.  When  boiled  some 
of  the  proteid  matters  of  the  meat  piiss  out  into  the  broth, 
and  there  in  part  coagulate  auti  form  ih^  Mcum  :  this  loss  may 
be  prevented  in  great  part  by  puttir^g  the  raw  meat  at  once 
into  iKjiling  water  which  coagulates  the  surface  albumen  be- 
fore it  dissolves  out,  and  tliis  keeps  in  the  rest,  while  the 
subsequent  cooking  is  continued  slowly.  In  any  case  the 
myosin,  being  insoluble  in  water,  remains  beliind  in  the  boiled 
meat.  In  baking  or  roasting,  all  the  solid  parts  of  the  flesli  are 
preserved  and  certain  aifreeably  flavored  bodies  are  produced, 
Hft  to  the  nature  of  wbich  little  is  known. 

Eggs.  These"  contain  a  large  amount  of  eg%  alljumen 
and,  in  the  yolk,  another  proteid,  known  as  vitellin.  Also 
fats,  and  a  substance  known  as  hcithht,  which   is  important 

containing  a  considerabk*  quantity  of  phosphorus,     Ijeci- 


thin,  or  rather  a  substance  yielding  it,  is  an  important  con- 
stituent of  the  nervous  tissues. 
9.*-'^  ^^^*'^'>        Milk  cootiiins  ii  proteid,  easeinogen;  several  fats  in  the 
'/    fJUW'^  *^^^^^'^'  *  carbohytlrate,  milk-sugar;  much  water;  and  salts, 
'>  ^  Wspeciully  potassium  and  ciUciura  phosphates.    Builer  consista 

^^2J{P^'{\iii^iti\j  o(  tlie  same  fats  as  those  iu  beef  and  mutton;  but  hag 
'*^  in  it  about  one  per  cent  of  a  special  fat,  butyriu.     In  the  milk 

'-'^^^ '  it  is  disseminated  in  the  form  of  minute  globules  which,  for 

/\  the  most  partt  lloat  up  to  the  top  when  the  milk  is  let  stand 

"'^^^  and  then  form  the  ereatn.     In  this  each^^l^diaiplet  is  sur- 

I  rounded  by  a  t)ellide  of  albuminous  matter:  by  chijming, 
tliese  pellirles  are  liroken  up  and  the  fat-drojilet^  tlien  run  to* 
gether  to  form  the  butter.  Caseiuoiren  is  lusoluLTe  in  water; 
in  milk  it  is  dissolveH^by  the  alkiiline  salts  present.  When 
milk  is  kept,  its  sugar  ferments  iifft^ffive^ise  to  Iac^^hj^^, 
which  neutralizes  the  alkali  and  precipitates  the  caseinggen 
'  as  eurdji.  in  cheese-making  the  cjiiemogen  is  acted  upon  by 
a  ferment  iratnut^  present  in  the  extract  of  atomach  used* 
and  converted  into  ttfrein  which  is  precipiiated:  this  clotting 
does  not  take  i)lace  unless  a  calcium  salt  be  present,  /^'y^ein, 
which  forms  the  main  bulk  of  a  true  clieese,  is  different  from 
the  curd  precipitated  from  milk  by  acids;  cheese  made  from 
the  latter  does  not  "  ripen.''  Caseinogen  is  frequently  called 
crff.vfi'/^  which  name  should  be  given  to  the  tyreia  formed  from 
caseinogen  by  ftTmcnt  action. 

Vegetable  Foods.  Of  these  wheat  affords  the  best.  In 
1000  parts  it  contains  135  of  proteUs,  568  of  starch,  46  of 
dextrin  {a  earbohydrate),  40  of  grape-sugar,  19  of  fats,  and 
;S'^  of  celluluso,  the  remainder  being  water  and  salts.  The 
proteid  of  wheat  is  mainly  giuff^n^  which  when  moistened 
with  water  forms  a  tenacious  mass,  and  this  it  is  to  which 
wheaten  bread  owes  its  eupgriority.  When  the  dough  is 
nialle  yeast  is  added  to  it,  and  i>roduces  a  fermentatinrj  by 
which,  among  other  things,  carbon  dioxide  gas  is  produced. 
This  gas,  im|»risoned  in  the  tenacious  dough,  and  expanded 
during  baking,  forms  cavifies  in  it  and  causes  it  to  *'rise'' 
and  make  **  light  bread,"  wlrich  is  not  only  more  pleasant  to 
eat  but  more  digestible  than  he:ivy.  Otlior  cereals  may  con- 
tain a  larger  percentage  of  starch,  but  none  have  so  much 
gluten  as  wheat;  when  bread  is  made  from  them  the  carbon 
dioxide  gas  escapes  so  readily  from  the  less  tenacious  dough 
that  it  does  not  expand  the  mass  properly.     Corn  contains  in 
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MMyQ  parts,  79  of  pratoids,  «j3r  of  stiirch,  and  from  50  to  87 

of  fatsj  much  muru  tlian  any  other  kind  of  gniiii.     Hice  ia 

poor  ill  proteids  (^C  parts  in  1(M>0)  but  very  rich  in  starch 

\fi'lZ  pans  in   lOOU),     I^is  and  imns  are  rich   in   prnteids"^  ^^>^ 

(from  *2t>U  to  *J<iO  parts  in  1000),  and  contain  about  half  their   i^<-*^j| 

weight  of  Btarcb.     Pot  a  toes  are  a  poor  food*     They  contain  a        '^^^ 

great  deal  of  water  and  celhilose,  and  only  abont  M  parts  of 

proieids  and  154  of  starch  in   lOOO.     Other  fresh  vegetables, 

M  carrots,  tnniips,  and  cabhai^^ei?,  are  vahiable  mainly  for  the 

aaJlgTlhey  contain;  their  weight  ia  mainly  due  to  water,  and 

they  contain  but  little  starch,  proteids,  or  fats.     Fxyits,  like 

most  fresh  vegetables,  are  mainly  valuable  for  their  siJine 

constituents,  the  other  foodstuffs  in  them  being  ordy  present 

in  small  proportion,     Some  fruit  or  vegetable  is,  however,  a 

Decessary  article  of  diet;  as  shown  by  the  scurvy  which  used 

to  prevail  among  sailors  before   fresh  or  canned  vegetables 

and  lime-juice  were  supplied  to  them. 

The  Cooking  of  Vegetables.  This  is  of  more  importance 
eren  than  the  cooking  of  llosh,  since  in  most  the  main  ali- 
mentary principle  is  starch,  and  raw  starch  is  ditlicnlt  of 
digestion.  In  plants  starch  is  nearly  always  stored  up  in  tlie 
form  of  solid  granules,  which  consist  of  alt^ernating  lav«Ts  of 
»tarrh  ceUuhse  and  starch  riranuhse.  The  dtgesiive  fluids 
turn  the  starch  into  sugars  which  are  soluble  and  can  be 
absorbed  from  the  alimentary  canal,  while  starch  itself  can- 
not. These  fluids  act  slowly  and  imperfectly  on  raw  starch, 
and  then  only  on  the  granulose;  bat  when  boiled,  the  starch 
granules  swell  up,  and  become  more  readily  converted  into 
sugars,  and  the  starcli  cellulose  it^  .so  altered  that  it  too  un- 
dergoes that  change.  When  -s^wpoii  is  TPnaUd  it  is  in  part 
turned  into  a  substance  known  as  s^liiitle  starch  which  is  read- 
ily dissolved  in  the  alimentary  canal.  There  ia,  therefore,  a 
scientiiic  foundation  for  the  common  belief  that  the  eru^  of 
a  loaf  is  more  digestible  than  the  crumb,  and  toast  than  ordi- 
nary bread. 

Alcohol.  There  are  perhaps  no  common  articles  of  diet 
concerning  which  more  contradictory  statements  have  been 
made  than  alcoholic  drinks.  This  depeiidg  n|Kin  their  pe- 
culiar position:  according  to  cireumstauces  alcohol  may  bo  a 
poison  or  be  useful;  when  useful  it  maybe  regarded  either 
aa  a  foroe-regulator  or  a  foroe-generator*  It  is  sometimes  a 
Juable  medicine,  but  it  does  do  good  to  the  healthy  bodj* 
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I  If  not  more  than  two  ounces  (which  would  be  contained  in 
I  about  four  ounces  of  whiskey  or  two  quarts  of  lager-beer)  are 
1  taken  in  the  twenty-four  hours,  they  are  dompletely  oxidized 
in  the  Body  and  excreted  as  water  and  carbon  dioxide.  In 
this  oxidation  energy  is  of  course  liberated  and  can  be  util- 
ized. Coiuniunly,  however,  alcohol  is  not  taken  for  this  pur- 
pose but  as  a  force-regulator,  for  its  influence  on  the  nervous 
system  or  digestive  organs,  and  it  is  in  this  capacity  that  it 
becomes  dangerous.  For  not  only  may  it  be  taken  in  quan- 
tities so  great  that  it  is  not  at  all  oxidized  in  the  Body  but  is 
passed  through  it  as  alcohol,  or  even  Ihat  it  acts  as  a  narcotic 
][)oison  instead  of  a  stimulant,  but  when  taken  in  wiiat  is 
called  moderation  there  can  be  no  doubt  that  the  constant 
"  whipping  up  "  of  the  flagging  organs,  if  continued,  must  be 
dangerous  to  their  integrity.  Hence  the  daily  use  of  alcohol 
merely  in  such  quantities  as  to  produce  slight  exhilaration  or 
to  facilitate  work  is  by  no  means  safe;  though  in  disease 
when  the  system  wants  rousing  to  make  some  special  effort, 
the  physician  cannot  dispense  with  it  or  some  otner  similarly 
acting  substance.  In  fact,  as  a  force-generator  alcohol  may 
be  advantageously  replaced  by  other  foods  in  nearly  all  cases; 
and  there  is  no  evidence  that  it  helps  in  the  construction  of 
the  working  tisj>ues,  though  its  excessive  use  often  leads  to  an 
abnormal  accumulation  of  fat.  \U  proper  use  is  as  a  **  whip," 
land  one  has  no  more  right  to  uj^o  it  to  the  healthy  Body  than 
^ the  lash  to  overdrive  a  willing  horse.  The  physician  is  the 
proper  })erson  to  determine  whether  it  is  wanted  under  any 
given  circunistances. 

If  alcohol  is  used  as  a  daily  article  of  diet  it  should  be 
borne  in  mind  that  when  concentrated  it  may  chemically  alter 
the  proteids  of  the  cells  of  the  stomach  with  which  it  comes 
in  contact,  in  the  same  sort  of  way,  though  of  course  to  a 
much  less  degree,  as  it  shrivels  and  dries  up  an  animal  pre- 
served in  it.  Dilute  alcoholic  drinks,  such  as  claret  and  beer, 
are  therefore  far  less  baneful  than  whiskey  or  brandy,  and 
these  are,  so  far  as  direct  action  on  the  stomach  is  con- 
cerned, worse  the  less  they  are  diluted.  For  the  same  reason 
alcoholic  drinks  are  far  more  injurious  on  an  empty  stomach 
than  after  a  meal.  When  the  stomach  is  full  the  liquor 
is  diluted,  is  more  slowly  absorbed,  and,  moreover,  is  largely 
used  up  in  coagulating  the  proteids  of  the  food  instead 
of  those  of  the  gastric  lining  membrane.     The  old  "  three 
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bottle**  men  who  drauk  their  port-wine  after  a  heavy  diunc^r, 
got  off  far  more  eafely  thini  tliti  modern  tiiipler  who  ia  Ukiiig 
**  uips  "  all  day  long,  although  the  hitter  may  imbibe  a 
smaller  quantity  of  alcohol  in  the  twenty-fonr  hours.  By  Utr 
the  heat  way,  however,  Is  to  avoid  alr^obol  altogether  in  healllj. 
If  the  facts  lead  as  to  conclude  that  under  some  conditions 
it  may  be  to  a  certain  extent  a  food,  it  is  a  dangerons  one: 
even  in  what  we  may  call  "physiological  '*  <[naiitities,  or  such 
araountii  as  can  be  t<*LaIly  oxidized  in  the  Hotly, 

The  Advantage  of  a  Mixed  Diet.  The  necessary  quan- 
tity of  daily  food  dependi*  upon  that  of  the  material  daily  lost 
from  the  Body,  and  tliis  vurit's  both  in  kind  and  anion ot  with 
the  energy  expended  and  the  organs  most  used.  In  tdiildren 
u  certain  excess  beyond  this  is  reqnired  to  furnish  materials 
for  growth.  Although  it  is  imposiiible  to  lay  down  with  per- 
fect accuracy  how  much  daily  food  any  individual  requires, 
still  the  average  quantity  may  be  derived  from  the  talde  of 
daily  lossetj  given  on  j>age  30U,  which  shows  that  a  Ileal  thy 
man  needs  daily  in  assimihilde  forms  abont  274  grams  (42*30 
prains!)  of  carbon  and  19  grams  ('1^2  grains)  of  nitrogen. 
The  <iaily  loss  of  hydrogen,  whirh  h  very  great  (l],V3  grams 
or  54*38  grains),  is  for  the  most  part  njade  good  by  water  which 
has  been  drunk  and,  so  to  speak,  merely  hUered  through  the 
Body,  after  having  assisted  in  the  solution  and  transference 
through  it  of  other  substancei*,  Abont  liOi)  grams  (46'20 
grains)  of  water  containing  :):i.8  grams  (bV4  grains)  of  hy- 
drogen are,  however,  formed  in  th6  Body  by  oxidation,  and 
the  hydrogen  for  tliis  pnrpcise  must  he  ynpjdied  in  the  form 
of  some  oxidizable  foodstntT,  whether  }irotei<1,  fat,  or  carbo- 
hydrate. The  oxygen  eliminated  is  mainly  received  from  the 
air  through  the  lungs,  but  some  is  taken  in  combimition  in 
the  food. 

Since  proteuijoods  contain  carbon,  nitrogen  and  hydro- 
gen»  life  may  be  kept  up  on  them  alone,  with  the  necessary 
salts,  water  nnd  oxygen;  but  such  a  form  of  feeding  would 
be^nylfffiig  but  economicah     Ordinary  proteids  contain   in( 
1(M>  parts  (p.  \})  aliout  5'2  of  i^arhon  and  15  of  nitrogen^  so  al 
man  fed  on  them  alone  won  hi   ^t^\  uhont  Hi  parts  of  carbon  I 
for  every  I  of  nitrogen.     His  daily  losses  are  not  in  this  ratio,  ^ 
but  about  that  of  274  grams  (4220  grains)  of  carbon  to  20 
grams  (308  grains)  of  nitrogen,  or  as  1X7  to  I ;  and  so  to  get  i 
enough  carbon  from  proteids  far  more  than   ihi^^  necessary* 
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amount  of  nitrogen  must  be  taken.  Of  dry  proteida  527 
grams  (8116  grains)  would  yield  the  necessary  carbon,  bat 
would  contain  79  grams  (1217  grains)  of  nitrogen;  or  four 
times  more  than  is  required  to  cover  the  necessary  daily 
losses  of  that  element.  Fed  on  a  purely  proteid  diet  a  man 
would,  therefore,  have  to  digest  a  yast  quantity  to  get  enough 
carbon,  and  in  eating  and  absorbing  it,  as  well  as  in  getting 
rid  of  the  extra  nitrogen  which  is  useless  to  him,  a  great  deid 
of  uiinecessary  labor  would  be  thrown  upon  the  yarious  or- 
gans of  his  Body.  Similarly,  if  a  man  were  to  liye  on  bread 
alone  he  would  burden  his  organs  with  much  useless  work. 
For  bread  contains  but  little  nitrogen  in  proportion  to  its 
carbon,  and  so,  to  get  enough  of  the  former,  far  more  carbo- 
naceous substances  than  could  be  utilized  would  haye  to  be 
eaten,  digested  and  eliminated  daily. 

Accordingly,  we  find  that  mankind  in  general  employ  a 
mixed  diet  when  they  can  get  it,  using  richly  proteid  sub- 
stances to  supply  the  nitrogen  needed,  but  denying  the  car- 
bon mainly  from  non-nitrogenous  foods  of  the  fatty  or  carbo- 
hydrate groups,  and  so  avoiding  excess  of  either.  For  instance, 
lean  beef  contains  about  \  of  its  weight  of  dry  proteid,  which 
contains  15  per  cent  of  nitrogen.  Consequently  the  133 
grams  (2048  grains)  of  proteid  which  would  be  found  in  532 
gi-anis  (1  lb.  3  oz.)  of  lean  meat  would  supply  all  the  nitrogen 
needed  t o"c6m perisate" To?  a  d ay 's  losses.  But  the  proteid 
contains  52  per  cent  of  carbon,  so  the  amount  of  it  in  the 
above  weight  of  fatless  meat  would  be  G9  grams  (1062  grains) 
of  carbon,  loiiviug  205  grams  (3157  grains)  to  bo  got  either 
from  fats  or  carboliydrates.  The  necessary  amount  would  be 
contained  in  about  25G  grams  (3042  grains)  of  ordinary  fats 
or  460  grams  (7084  grains)  of  starch ;  hence  either  of  these, 
with  the  above  quantity  of  lean  meat,  would  form  a  far  better 
diet,  both  for  tlio  purse  and  the  system,  than  the  meat  alone. 

As  already  j)ointed  out,  nearly  all  common  foods  contain 
several  foods/uffs.  Good  butcher's  meat,  for  example,  con- 
tains nearly  half  its  dry  weight  of  fat;  and  bread,  besides 
proteids,  contains  starch,  fats  aiicTsugar.  In  none  of  them^. 
however,  are  the  foodstuffs  mixed  in  the  physiologically  best 
proportions,  and  the  practice  of  employing  several  of  them  at 
each  meal,  or  different  ones  at  different  meals,  during  the  day, 
is  thus  not  only  agreeable  to  the  palate  but  in  a  high  degree 
advantageous  to  the  Body.     The  strict  vegetarians  who  do 
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not  employ  even  such  substances  as  eggs^  cheese  and  milk, 
but  eonjQne  themselves  to  a  purely  vegetable  diet  (such  as  is 
always  poor  in  proteids),  daily  take  far  more  carbon  than  they 
require,  and  are  to  be  congratulated  on  their  excellent  diges- 1 , 
tions  which  are  able  to  stand  the  strain.  Those  who  uae  ejggs,  ^ 
cheese,  etc.,  can  of  course  get  on  verv  gell,  since  such  sub- 
stances are  extremely  rich  in  proteids,  and  supply  the  nitro- 
gen needed  without  the  necessity  of  swallowing  the  vast  bulk 
of  food  which  must  be  eaten  in  order  to  get  it  from  plants 

directly,    yj,^^.,^^    >.-'>V.v;,/    /w»../w     ,..;-;•.;./ .^' ; 

(V-,^   •-'■'•'      !"     '■^'"  '   <- 
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CHAPTER  XXII. 
THE  ALIMENTARY  CANAL  AND  ITS  APPENDAGES. 

General  Arrangement.  The  alimentary  canal  is  essen- 
tially a  tube  running  through  the  Body  (Fig.  2)  and  lined  by 
a  vascular  membrane,  most  of  which  is  specially  adapted  for 
absorption;  it  communicates  with  the  exterior  at  three  points 
(the  nose,  the  mouth,  and  the  nnal  aperture ),  at  which  the 
lining  mucous  membrane  is  continuous  with  the  general  outer 
integument.  Supporting  the  absorbent  membrane  are  layers 
which  strengthen  the  tube,  and  are  in  part  muscular  and,  by 
their  contractions,  serve  to  pass  materials  along  it  from  one 
end  to  the  other.  In  the  walls  of  the  canal  are  numerous 
blood  and  lymphatic  vessels  which  carry  oft  the  matters  ab- 
sorbed from  its  cavity ;  and  there  also  exist  in  connection  with 
it  numerous  gliinds,  whose  function  it  is  to  pour  into  it  various 
secretions  which  exert  a  solvent  influence  on  such  foodstuffs  as 
would  otherwise  escape  absorption.  Some  of  these  glands  are 
minute  and  imbedded  in  the  walls  of  the  alimentary  tube  it- 
self, but  others  (such  as  the  salivary  glands)  are  larger  and  lie 
away  from  the  main  channel,  into  which  their  products  are 
carried  by  ducts  of  various  lengths. 

The  alimentary  tube  is  not  uniform  but  presents  several 
dilatations  on  its  course;  nor  is  it  straight,  since,  being  much 
longer  than  tlie  Body,  a  large  part  of  it  is  packed  away  by 
being  coiled  up  in  the  abdominal  cavity. 

Subdivisions  of  the  Alimentary  Canal.  The  mouth- 
opening  leads  into  a  chamber  containing  the  teeth  and 
tongue,  the  mouth-chamber  or  buccal  caviti/.  This  is  suc^ 
cceded  by  the  pharfpix  or  throat <aviiif,  which  narrows  at 
the  top  of  the  neck  into  tlie  gullet  or  (esophagus ;  this  runs 
down  through  the  thorax  and,  passing  through  the  dia- 
phragm, dilates  in  the  uj)per  part  of  the  abdominal  cavity 
into  the  stomach.  Beyond  the  stomach  the  channel  again 
narrows  to  form  a  long  and  greatly  coiled  tube,  the  small 
intestine,  wliich  terminates  by  opening  into  the  large  intes- 
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I  tm6y  nmch  shorter  although  wider  than  the  snialij  and  ter 
"  minating    by  an   opening    on 

the  exterior. 

The    Month  -  cavity    (Fig* 

105)  is  bounded   iji  front  and 

on   the  sides  by  the  lips  and 

cheeks,  below  by  the   tongue, 

l\  and   above  by   the  palaie ; 

which  latter  cortsists  of  nn  lui- 

tenor    part,    (,   supported    by 

bone  and  called  the  hard  pal- 

aif,  and    a   posterior,  /,   cod- 

tainitjg    no   bone,    and   called 

the  soft  palaie.     The  two  can 

readily  be  distinguished  by  ap* 

plyhig  the   tip  of  tiie   tongue 

to  the  roof  of  the  mouth  and 
i  drawing    it    backwards.     The 
■  lird    palate  forms   the   parti- 
tion between  the   month   and 

nose.     The  soft  palate  arches 

down   over    the    back    of    the 

month,   hanging    like    a    cur- 
tain between  it  and  the  pharvu x,      Fm.  loe.^Th©  mmitb,  now*  nnd  pha- 

,  I       I     *  ,*       ■'     ,         ririix.  with  Ih*.*  cotiititfjijcpiiu^nt   nfihe 

as  can  be  seen  by  bokiing  tlie   ^i\ut  and  i^nnx.  as  «»xpo-e.i  i».v  a 

I  .1  '    '     t         t,        e  hection,  a  lltlie  lo  the  left  of  Oif  rne- 

month      open      m      iront    or     a    dUn   plune  of  ibe  hend.    «,  virn^bral 

looking-glass.     From  the  mid-  V-"^'"" '  ''^  ^,^l'-X;  ^.  r*"li'^f-.^"' 
die  of  its  free  border  a  conical 
proceBB,     the      ifviila,      lia?ig« 
down. 

The  Teeth,  I ru mediately 
within  the  cheeks  and  ]\]m  nve  two  semiciroles,  formed  by  the 
borders  of  the  upper  and  lower  iaw-hoTies,  which  are  covered 
by  the  flums,  except  at  intervals  along  their  edges  where 
they  contain  sockets  in  which  the  teeth  are  implanted. 
During  life  two  sets  of  teeth  are  developed;  the  first  or  miik 
set  appears  soon  after  birth  jind  is  shed  do  ring  childhood, 
when  the  second  or  permunenf  .v^/  appears. 

The  teeth  differ  in  minor  points  from  one  another,  but 
in  each  three  parts  are  dtstingoishable;  one,  seen  in  the  mouth 
and  called  the  rrofm  of  the  tooth;  a  second,  imbedded  in  the 
Jaw-bone  and  called  the  root  or  fang;  and  between  the  two, 


larynx  :    r.  ppfi?)oTtij*  ;   /,  soft   palHte : 

tonptm  ;  /,  hard  pitlatt* ;  «i.  Ih«*  >phe- 
fitud  Jx»ne  oil  till*  bftKf  of  rhi*  kIcuU  ;  n, 
tbf?  forfi  |mrt  of  tliH  cmuinl  envitjr; 
tKp.q.  iht*  uiliirmr^r  hotipM  of  \he  out- 
er side  of  tbf  left  U(>KtHt-chMml>er. 
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embraced  by  the  edge  of  tlie  gum,  is  a  narrowed  portion,  the 
neck  or  cervix.  From  differences  in  their  forms  and  useB 
the  teeth  are  divided  into  incisors,  canineSy  bicuspids  and 
molars,  arranged  in  a  definite  order  in  each  jaw.  Beginning 
at  the  middle  line  we  meet  in  each  half  of  each  jaw  with, 
successively,  two  incisors,  one  canine,  and  two  molars  in  the 
milk  set;  making  twenty  altogether  in  the  two  jaws.  The 
teeth  of  the  permanent  set  are  thirty-two  in  number,  eight  in 
each  half  of  each  jaw,  viz. — beginning  at  the  middle  line- 
two  incisors,  one  canine,  two  bicuspids,  and  three  molars. 
The  bicuspids,  or  premolars,  of  the  permanent  set  replace  the 
milk  molars,  while  the  permanent  molars  are  new  teeth  added 
on  as  the  jaw  grows,  and  not  substituting  any  of  the  milk- 
teeth.  The  hindmost  permanent  molars  are  often  called  the 
wisdom-teeth. 

Characters  of  Individual  Teeth.  The  incisors  (Fig.  106) 
are  adapted  for  cutting  the  food.  Their  crowns  are  chisel- 
shaped  and  have  sharp  horizontal  cutting  edges,  which  be- 
come worn  away  by  use  so  that  they  are  bevelled  off  behind 
in  the  upper  row,  and  in  the  opposite  direction  in  the  lower. 
Each  has  a  single  long  fang.  The  canines  (Fig.  107)  are 
somewhat  larger  than  the  incisors.  Their  crowns  are  thick 
and  somewliat  conical,  having  a  central  point  or  cusp  on  the 
cutting  edge.  In  dogs,  cats  and  other  carnivora  the  canines 
are  very  large  and  adapted  for  seizing  and  holding  prey. 
The  bici(.y)i(is  or  premolars  (Fig.  108)  are  rather  shorter  than 


Fio.  10 


Fio.  109. 


Fio.  inc.—An  incifior  tooth. 
Fio.  107 —A  canine  or  ey«*  tooth. 

Fig.  108.— a  bicuspid  tooth  seen  from  its  outer  side;  the  Inner  casp  is,  accord- 
inglv.  not  vlsiblf . 

FIO.  109.— A  molar  tooth. 


the  canines  and  tlieir  crowns  are  somewhat  cuboidal.  Each 
has  two  cusps,  an  outer  towards  the  cheek,  and  an  inner  on 
the  side  turned  towards  the  interior  of  the  mouth.     The  fang 
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U  compressed  laterally,  and  has  usually  a  groove  partially 
aabdividing  it  iiito  two.  At  its  tip  tJie  separation  is  often 
complete.  The  molar  teeth  or  grutders  (Fig,  \W)  have  large 
crowns  with  broad  surfat'es,  on  whiirh  are  four  ortivc  pn>jet*t- 
ing  tubercied,  which  rougberr  theui  and  make  them  better 
adapted  to  crush  the  fomi  Each  haa  usually  several  fangs. 
The  milk-tcrth  oniy  dither  in  subsidiary  points  from  those  of 
the  &aiiie  uauR\s  in  the  pernnuieut  set. 

The  Structure  cf  a  Tooth.  If  a  tooth  he  broken  open,  a 
cuvity  exteniHng  thmugh  botli  crown  ami  fang  will  be  found 
in  it.  This  is  filled  during  life  with  a  sfdt  vascnlar  pulp,  and 
hence  U  known  a.s  the  **  pulp-cavity"  ('\  Fig.  1 10),  The  bard 
parts  of  the  tooth  disposed  around  the  pulp- cavity  consist  of 
three  diltereut  tissues.  Of  these  one  imiuetliatelj  surrounds 
the  cavity  and  make8  n]>  inost  of  the  bnlk  of  tluj  tooth;  it  is 
dentine  (;^,  Fig.  110);  covering  the  dentine  on  the  crown  is 
the  ennniel  (1,  Fig.  110)  and,  on  the  fang,  the  eemetU 
(3,  Fig,  110)/ 

The  pulp-cavity  opens  below  by  a  naiTOW  aperture  at  the 
tip  of  tht*  fang,  or  at  the  tip  of  each  if  the  tooth  have  more 
than  one.  The  pulp  consists  mairdy  of  connective  tissue,  but 
Its  surface  next  the  dentine  is  covered  by  a  layer  of  cohininar 
cells.  Through  the  opening  on  the  fang  blood-vesaels  and 
nerves  enter  the  pulp. 

The  deniine  (ivory)  yields  on  analysis  the  same  materials 
as  bone  but  is  somewhat  harder,  earthy  matters  constituting 
72  per  cent  of  it  as  against  CG  per  cent  in  bone.  Uinler  the 
microscope  it  is  recognized  by  the  fine  dentimd  fnttules 
which,  radiating  from  the  imlp-cavity,  perforate  it  through- 
out, finally  ending  in  minute  branches  which  open  into 
irregular  cavities,  the  inirnjlnhuiar  apm-es,  which  lie  just 
beneath  the  enamel  or  cement.  At  their  widont  ends,  close 
to  the  pnlji-cavity,  the  dentinal  tubnles^  are  OTily  about  0.005 
miilimcter  ij^a^  of  an  inch)  in  diameter.  The  ce^ment  is 
much  like  bone  in  structure  and  composition,  possessing 
lacunfp  and  canalicuH.  but  rarely  any  Haversian  canals.  It  is 
thickest  at  the  tip  of  the  fang  and  thins  away  towards  the 
cervix.  Enamel  is  the  hardest  tissue  in  the  Body,  yielding 
on  analysis  only  from  two  per  cent  to  three  per  cent  of 
organic  matter,  the  rest  being  mairdy  calcium  phosphate  and 
carbonate.  Its  his^tologieal  elements  are  minute  hexagonal 
prisms,  closely  packed,  and  set  on  vertically  to  the  surface  of 


Fio,  no.— Swtf^n  throuph  n  prf-moljir  U^f^^it  of  ibt*  cut  «flU  itttbef1d«!H)  in  ft« 
•ocket.  I,  en&md  ;  «.  deiitiue ;  3,  et^uiiful ;  4,  the  kuiii;  5,  ihe  bont?  of  lh«*  lower 
Jaw;  c,  the  pulp-cavity. 

unworn  teeth  is  a  iliin  structereless  honij  lajer^  the  enamel 
cuticle, 

Th©  Tongue  (Fig.  Ill)  is  a  muscular  organ  covered  by 
mucous  tueuibrane,  extromcly  mobile,  ainl  endowed  not 
only  with  a  delicate  tat^tile  sensibility  but  with  the  terminal 
organs  of  the  special  sense  of  taste;  it  is  attached  by  its  root 
to  the  hyoid  Ijone.     On  its  upper  surface  are  numerous  sin&ll 


R"tt1.— TIjc  upper  surface  of  the  tonsriii*  with  jmrt  nt  thv>  piilixrti  of  thr  fiiuet>« 
IlliS'  ;  5,  ifiUcoUH  f^lmiid!* ;  T.  loniAJlH  :  ^,  rip  of  epi^lottm 

forwards.  Each  is  an  elevation  of  the  mucous  membrane, 
covered  by  epithelium,  and  siirrouiided  by  a  trench.  Uji  the 
Bides  of  these  {mpilW,  imbed di/d  in  tim  epithelium,  are  many 
Bmall   oval   bodies    richly   supplied    with    nervea    and    8U1> 
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posed  to  be  eoneerned  in  the  sense  of  bi£te,  and  hence  called 
the  fmth'httdn  (Chap,  XXXV).  Tlie  fuiKjijQrm  papiifm,  3, 
are  roiimlcti  elovutions  attafhed  by  tiomewhat  Dfirrowedstalka, 
and  found  all  over  the  inidiJIe  and  fore  part  of  the  upper 
surface  of  the  tongue.  They  are  easily  reeo^ized  on  the 
living  tongue  by  their  bright  red  color.  The  jjl if ttvm-papUiijf, 
most  mnnerous  and  smallest,  are  scattered  all  over  the  dorsura 
of  the  tongue  except  near  its  base.  Each  is  a  conical  emi- 
nence covered  by  a  thick  horny  layer  of  epithelium.  It  is 
these  papilla.*  which  are  m  highly  developed  ou  the  tongues 
of  Cttmrrrrrfr,  aiul  8erve  them  to  roimpa  boBW  eleiftu  of  even 
Buch  tongb  striietnrcs  as  ligamunt-. 

In  health  the  surface  of  the  tongue  is  moist,  covered  by 
little  **  fur,*' and  in  childhood  of  a  red  color.  In  adult  life 
the  natural  color  of  the  t,on<»ue  is  leas  red,  except  around  the 
e<lgcs  and  tip;  a  bright -red  glistening  tongue  being  then, 
usually  a  syniptani  of  diseii^^e.  When  the  digestive  organs 
are  deranged  the  tongue  is  commonly  covered  with  a  thick 
yellowish  coat,  composed  of  a  little  mucus,  some  cells  of 
epithelinm  i^hed  from  the  tiurface,  and  numerous  microscopic 
organismtj  known  as  bacteria;  and  there  is  frequently  a  "  had 
taste  in  the  mouth."  The  whole  alimentary  mucous  mem- 
brane is  in  close  physiological  relationship;  and  anything 
disorde^ring  the  stomach  is  likely  to  produce  a  '*  furred 
tongue/* 

The  Salivary  Glands.  The  saliva,  which  is  poured  into 
the  mouth  and  which,  mixed  with  the  secretion  of  minute 
glands  inilKHlded  in  its  lining  membrane,  moistens  it,  is 
secreted  by  three  pairs  of  ghuids,  the  parotid^  the  snbmaxiU 
lartf  and  the  »nbUngu({L  The  parotid  glands  lie  in  front  of 
the  ear  behind  the  ramus  of  the  lower  jaw;  each  sends  its 
gecreti«m  into  tlie  mouth  by  a  tul>e  known  a^  Sfenon^s  duett 
which  crosses  the  check  and  opens  opposite  the  second  upper 
mohir  tooth.  In  the  dispense  known  as  iviitfctji^f  *  the  pnytiiid 
glantf?  are  inflamed  and  enhirged.  Tlie  submaxillary  glands 
lie  betwccti  the  halves  of  the  lower  jaw-bone,  near  its  angles, 
and  their  ducts  open  beneatli  the  tofignc  near  the  middle  line* 
The  sublingual  glands  lie  beneath  the  floor  of  the  month,  I 
covered  by  Its  mucous  membrane,  between  the  back  part  of 
the  tongue  and  the  lower  jaw-bone.     Each  has  many  ducts 
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(8  to  20),  some  of  wliich  join  the  submaxillary  thict,  while 
the  rest  open  separately  in  the  floor  of  tlic  month. 

The  Fauces  is  tho  name  given  to  tlio  aperture  which  can 
be  seeu  at  the  back  of  the  mouth  below  the  suft  palate  (Fig, 
105),  and  leadiii^^  ioto  the  pharynx.  It  is  bounded  above  by 
the  soft  palate  and  tivula,  below  by  the  root  of  the  tongue, 
and  on  the  sides  by  muj^cular  elevutioiis  covered  by  mucous 
membrane,  which  reach  from  the  soft  ])nlate  to  the  tongue. 
These  elevations  are  the  pifhirs  i[f  the  fanres.  Each  bifur- 
cates below,  and  in  the  hollow  between  its  divisnuis  lies  a 
tontfil  (7,  Fig.  Hi),  a  soft  rounded  body  about  the  size  of  an 
almond,  and  containing  numerous  minute  glands  whicli  form 
mucus. 

The  tonsils  not  utifrequently  become  enlarged  during  a 
cold  or  sore  throat,  and  then  pressing  on  the  Eui^tachian  tube 
(Chap,  XXX IV),  which  leads  from  the  }>liarynx  tu  the  miil- 
die  ear,  keep  it  closed  and  produce  partial  deafness. 

The  Fharynx  or  Throat-cavity  (Fig.  loj).  This  por- 
tion of  the  alimentary  canal  may  be  described  as  a  conical 
bag  with  its  broad  end  turned  upwards  towards  the  base  of 
the  ^kuU,  and  its  narrow  end  downwards  and  passiug  into  the 
gullet.  Its  front  is  imperfect,  presentitjg  openings  which 
lewl  into  the  nose,  the  mouth,  and  (through  the  larynx 
and  windjjijK?)  the  longs.  Except  during  swallowing  or 
Speech  the  aoft  palate  hang8  down  balwecfn  the  mouth  and 
pharynx;  during  deglutition  it  is  raised  into  a  horizontal 
position  ami  separates  an  upper  or  respiralort^  pnrlinii  of  the 
pharynx  from  the  rest.  Tlirntigh  this  upper  jmrt,  tlu^refore, 
air  alone  passes,  entering  it  from  the  posterior  ends  of  the 
two  nostril- chambers;  while  through  the  lower  portion  both 
food  and  air  pass,  otie  on  its  way  to  the  gullet,  6,  Fig,  105, 
the  other  through  the  larynx,  //,  to  the  windpipe,  r;  when 
a  morsel  of  food  **  goes  the  wrong  way  '*  it  takes  the  hitter 
course.  Opening  into  the  upper  portion  of  the  pharynx  on 
iAch  side  is  an  Eustachian  tube,  g:  so  that  the  apertures 
leading  out  of  it  are  seven  in  number;  the  two  posterior 
uares,  the  two  Eiistaehian  tubes,  the  fauecB,  the  opetjing  of 
the  larynx,  ami  that  of  the  gtillet.  At  the  root  «4-^«  tau^e, 
over  the  opening  of  the  larynx,  is  a  filiittk^  of  -cartUifcge,  the 
^fflulU^  e,  which  can  be  seen  if  the  mouth  is  widely  opened 
and  the  back  of  the  tongue  pressed  down  by  some  such  thing 
as  the  handle  of  a  spoon,     Lhiring  swallowing  the  epiglottis 
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it  pressed  down  like  a  lid  over  the  air- tube  and  helps  to  keep 
food  or  saliva  from  entering  it.  In  stmcture  the  phurjnx 
consists  essentially  of  a  bag  of  connective  tissue  lined  by 
mucous  membnitie,  and  having  muscles  in  its  walls  which 
drive  the  f<K»il  on. 

The  (Esophagus  or  Gullet  is  a  tube  commencing  at  the 
lower  terniiniuion  ui  the  pliarynx  and  which,  passing  on 
through  tlie  neck  and  I'hest,  ends  bek)W  the  diaphragm  by 
joining  the  stomach.  In  the  neck  it  lies  close  behind  the 
windpipe-  It  con^issts  of  three  coats^ — a  mucous  membrane 
witliiu;  next,  a  submucous  coat  of  areolar  connective  tissue; 
and,  outsitUs  a  muscular  coat  made  up  of  two  layers,  an  inner 
with  t  ran  inversely  and  an  outer  with  longitudinally  arranged 
fibres.  In  and  beneath  its  mucous  membrane  are  uamerous 
small  mucous  glands  whose  ducts  open  into  the  tube. 

Tho  Stomach  (Fig,  IVl)  is  a  somewhat  conic4il  bag  placed 
tmnsversfiy  in  the  upper  part  of  the  abdominal  cavity.     Its 
1^  larger  cud  is  turned  to  the 

<f  left  and  Ires  close  beneath 

tl»e  diaphragm;  opening 
into  its  upper  border, 
through  the  cardiac  orifice 
at  it,  is  the  gullet  d.  The 
narrower  right  end  is  con- 
tinuous at  €  with  the  small 
intestine;  the  aperture  be- 
tween the  two  is  the  pyloHe 
rm.  ui.-rhf^^tnmaeh.  rf.  lower  end  of  ortfice.  The  pvloHc  end  of 
turei^  h,  ihV  f^iiMhifi ;  c.  ib^  ry Ionia  :  *•.  lio  the  stomach  Ijes  lower  in  the 

along  a.  &,  c  O.e  «r.*«*r  ci»rrittiire  ;  lwtw*?en    »LHlonun    lU&U    lUe    caruiac, 

tiiepyioruj.iiadd.  rht^i^-^uTci.rvM.i.r..,  ^^j^l  |g  g^purated  from  the 
diaphragm  by  the  liver  (see  Fig,  1).  The  cfmcave  border  be- 
tween the  two  orifices  is  known  as  the  ftmtiH  enrvttlurv,  and 
the  convex  as  the  grmti  rfirvalnre,  of  the  stomach.  From 
the  latter  liauge  down  a  fold  of  peritoneum  («e,  Fig.  1) 
kfiowT^  as  the  ffrettt  iwifttficm.  It  is  spread  over  the  rest  of 
tbe  abdominal  contents  like  an  apron.  After  middle  life 
much  fat  frequently  accumuhUes  in  the  ojnentnm,  so  that  it 
is  largely  responsible  for  the'*  fair  round  belly  with  good 
capon  linM/'  The  protrusion  b  to  the  left  side  of  the  cardiac 
orifice.  Fig.  112,  is  the  fn/tdits  or  great  cui  de  »(fc.  The  size 
of  the  stomach  varies  greatly  with  the  amount  of  food  in  it; 
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^last  after  a  moderate  ineul  it  h  itbont  ten  incbes  loug,  by  five 
wide  at  its  broadest  part. 

Structure  of  the  Stomach,  Tins  organ  had  four  coatB, 
known  suucfsaivuly  froai  without  in  as  tlit^  serous,  the  iiius- 
cular*  the  subiiuicous,  and  the  imieou^.  The  iierous  coat  is 
formed  hy  a  refiectioii  of  tlie  peri  touted  rn,  u  dotible  fold  of 
whitdi  slingj<  tlie  tttoinuch;  after  t^e[)anitit»g  to  t.'uvelop  it  the 
two  hiyers  again  nnite  and,  hanging  down  beyond  it,  form  the 
piMit  unientyni.  The  mH^vniar  cofti  (Fig,  59)  consists  of 
^wBfiped  itmt^cular  tissue  arranged  in  tluee  hiyers:  an  outer, 
longitudtnaL  niont  developed  abotd  the  curvatures;  a  circu- 
lar, evenly  spread  over  the  whole  organ,  except  around  the 
pyloric  orifice  where  it  forinj^  a  tluck  ring;  ajid  an  inner, 
oblique  and  very  incorn[*Iete,  radiating  from  the  cardiac 
orifif.e.  The  suhmttattts  amt  i.s  nutde  up  of  lax  areolar  tissue 
and  binds  loosely  the  nmcons  coat  to  tlie  muscular.  The 
mncou«  cofif  is  a  nioist  piuk  ni'enibrane  which  is  inelastic,  and 
large  enough  to  line  the  stomach  evenly  wJien  it  is  fully  dis- 
tended, AcL'ordingly*  when  tluMirgan  is  empty  and  shrunken, 
this  coat  is  thrown  into  folds,  which  disappear  when  the  organ 
is  distended.  During  digestion  the  arteries  supplying  the 
stouiach  become  dilated  and,  its  capillaries  being  gorged,  its 
nuicou*^  membrane  is  then  much  redder  than  during  hunger. 

The  blood-vessels  of  the  stomach  run  to  it  between  the 
fold.s  of  peritoneum  w  hich  sling  it  After  giving  off  a  few 
branches  to  the  outer  layers,  most  of  the  arteries  break  up 
into  small  branclies  in  the  submucous  coat,  from  w'hich  twigs 
proceed  to  supply  the  close  cai^iihiry  network  of  the  mucons 
membrane. 

The  nerves  of  the  stomacli  are  cliiefly  derived  from  the 
pneumogaBtrit  s*  Iji  the  lower  part  of  the  thorax  these  nerves 
consist  mainly  of  nonmedullaled  filo'es,  and  lie  on  the  sides 
of  the  gullet,  across  which  they  interchange  fibres  by  means 
of  several  branches.  On  entering  the  abdomen  the  left  pneu- 
mogostrie  passes  to  the  ventral  side  of  the  stomach,  in  which 
it  ends:  the  right  supplies  the  dorsal  side  of  the  stomach,  but 
a  considerable  portion  of  it  passes  on  to  enter  the  solar  pfrxus, 
which  lies  behind  the  stomacli  and  contains  several  largo 
gaiii^lia.  The  sympatlietic  also  supplies  g:istric  nerves  which 
mairdy  go  to  the  blood-vesseis.  In  the  muscular  coat  of  the 
stornacdi  are  many  nerve-cells. 

Histology  of  the  Gastric  Mucous  Membrane.     Examina- 


338 


THE  IlCMAy  BODY. 


k/. 


lion  of  the  iiiiior  surface  of  fhe  stotniicli  with  a  hand  le 
shows  it  to  be  L'uvered  with  roiniite  shiillow  j»it«.  Into  th«j 
open  the  mouths  of  nuiuite  tube«,  the  ^a.v/r/V  r/AT«rf*,  which 
are  closfly  packed  side  by  side  in  the  uiiieou^  ineml^rane; 
soTuething  Hke  the  cells  of  a  honeycoiiib,  except  that  each  is 
open  at  one  etid.  lietween  them  lie  a  small  anioinit  of  con- 
nective tissue,  a  ch>so  network  of  lyrnph-channeb,  and  capil- 
lary blood- veijiselii.  The  connective  tissue  is  of  a  peculiar 
variety  closely  packed  with  lynipli-eells  aiitl  will  be  more  mi- 
nutely described  later  (Chiip,  XX 11 1).  'J'he  whole  surface  of 
the  mucous  membrane  is  lined  by  a  bingle  layer  of  columnar 
Tnucus-miikiTig  ejiitlieliurn  cells  (Fig.  113)r  These  dip  down 
and  line  the  necks  of  the  tubular 
glands.  The  dee{>er  |>ortions  of  the 
glands  are  lined  by  a  layer  of 
shorter  and  somewhat  euboidal  cells, 
ihe  cent  nil  or  r/nV/ cells.  In  speci- 
mens taken  from  a  healthy  animal 
killed  during  digestion  these  cells  are 
large  and  do  not  stain  deeply  with 
carmine,  Similar  specimens  taken 
from  an  animal  an  hour  or  two 
after  a  gocid  misd  has  been  swallowed 
show  the  chief  cells  shrunken  and 
staining  more  deeply.  They,  thus, 
Htore  up  during  rest  a  material  which 
they  ir^t  rid  of  wfien  the  gastric  juice 
is  being  secreted.  This  material  is, 
in  part,  pepsmofffn,  which  during  activity  of  the  gland  is 
changed,  giving  rise  among  other  things  to  pepsin^  the  chief 
enzyme  of  gjwstric  juice.  The  deeply  stainijig  protoplasmic 
portion  of  the  cell  w^hich  is  left  behind,  forms  and  stores  more 
pepsinogen  during  the  next  period  iluring  which  the  stomach 
is  not  digesting.  In  the  pyloric  end  of  the  stomach  only  the 
chief  cells  line  the  glands,  but  elsewhere  there  is  found  out- 
side them,  in  ujost  of  the  glands,  an  incomplete  layer  of  larger 
ami  cells  frf,  Fig.  US).  These  are  sometimes  called  the 
ojffutir  alls,  from  the  belief  that  they  are  especially  con- 
cerned ill  secretiug  I  he  aciil  of  the  gsustric  juice.  The  glands 
frequently  branch  at  their  deejier  ends. 

The  Pylorus.     If  the  stomach  be  opened  it  is  seen  that 
the  mucous  membrane  projects  in  a  fold  around  the  pyloric 
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orifice  atid  narrows  it.  Tliis  is  diiu  to  u  lluck  ring  of  the 
circular  muscular  layer  theru  developud,  and  forming  arouiul 
the  orifice  a  sphincter  7nHf<cle^  whicli,  by  its  uoutructiou,  kt^eps 
the  passage  to  the  small  iutestiiie  closed  except  when  portions 
of  food  are  to  be  pa.^sed  on  from  tlie  stomafh  to  succeeding 
diviaioiiB  of  the  aJimcntary  cana!. 

Since  the  cardiac  end  of  the  stomach  lies  immediately  be- 
neath the  diaphragm,  which  has  the  heart  on  its  upper  side, 
its  over-distend  ion,  dne  tu  indigent  ion  ur  flatnlence,  in  sty  im- 
pede the  action  uf  the  tlioracie  organs,  and  canse  feeli'igs  of 
oppression  in  the  chest,  or  j>alpiiatiou  of  the  heart. 

The  Small  Intestine  (Fig,  fiO),  commencing  at  the  py- 
lorus* end:s,  after  muny  windings,  in  the  large.  It  is  about  six 
nieters  (twenty  feet)  h>ng,  ami  about  tivf  centimeterj^  (two 
inches)  wide  at  its  giistric  end,  tuinowing  t*)  alxnit  two  tliirda 
of  that  width  at  its  lower  portion.  Externally  there  are  no 
lines  of  .subdivision  on  the  small  intestine,  but  anatomists 
arbitrarily  descril>e  it  as  consisting  of  three  parts;  tlie  first 
twelve  inches  being  the  dnodenifnu  IK  the  succeeding  two 
fifths  of  lire  remainder  the  jtjumim,  J,  and  the  rest  the 
ilettut^  L 

Like  the  stomacli,  the  small  intestine  jwssesscs  four  coats; 
a  serouSt  a  muscular,  a  submucous,  and  a  mucous.  The 
serous  coat  is  formed  by  a  duplicature  uf  the  peritoneum,  but 
presents  nothing  ani^wering  to  the  great  ntnentnm:  this 
double  fold,  slinging  the  intestine  as  the  small  omentum 
slings  the  etonuicli,  is  named  the  memtntert/.  The  mtiscuiar 
eoftt  is  composed  of  plain  nniscular  tissue  arranged  in  two 
strata,  an  outer  longitudinal,  and  an  inner  transverse  or  cir- 
cular. The  xiil/muftttt.s  rufti  is  like  that  of  the  sfonKich:  con- 
sisting of  loose  areolar  tissue,  binding  together  the  mucous 
and  muscular  coats,  and  forming  a  Ijed  in  which  the  btood 
and  lymphatic  vessels  (which  reach  the  intestine  in  the  fold 
of  the  mesentery)  Itreak  up  into  minute  brandies  l»efore  en- 
tering the  mucous  membrane. 

The  Mucous  Coat  orthe  Small  Intestine.  Tins  is  pink, 
soft  and  extremely  vascular.  It  does  not  present  temporary 
or  effaceahle  folds  like  those  of  the  stomach,  but  is.  thruugh- 
out  a  great  portimi  of  its  lengtli,  raised  U]»  into  j«  rrnanent 
transverse  folds  in  the  form  of  crescentic  ridges,  eacli  of 
which  runs  transverf^ely  for  a  greater  or  less  way  round  the 
tube  (Fig,  114j.     These  folds  are  the  ntlruh^  connnrnies. 
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They  are  iirst  found  abi»iit  two  inches  from  the  pylorus,  and 
are  most  thickly  set  ami  largest  in  the  upper  half  of 
jejunum,  in  the  lower  half  of  which  they  heoome  gradually 
less  conspieuoug;  and  they  finally  disappear  altogether  about 
the  middle  of  the  i  leu  in.  The  folds  serve  greatly  to  increase 
the  surface  of  tlie  mucous  nienibrane  both  for  absorption  and 
secretion,  and  they  also  delay  the  food  somewhat  in  its  pas- 
sage, since  it  mtist  collect  in  the  hollows  between  them,  and 
80  he  hniger  exposed  to  tfie  action  of  the  digestive  liquids. 
Examined  closely  with  the  eye  or,  better,  with  aid  of  a  lens, 
the  mucous  membrane  of  the  small  intestine  is  seen  to  be  not 
sfnooth  hut  shaggy,  being  covered  everywhere  {both  over  the 
vulviilie  fonniventes  and  between  tliern)  with  closely  packed 
ujinute  prore«ise.s.  standing  up  somewhat  like  the**  pile  "on 
velvet,  and  known  as  the  rilli.  Each  villus  is  from  U.5  to  O.T 
millimeter  {^^  to  ^\  inch)  in  length;  some  are  conical  and 
rcinnded,  but  the  mnjorily  are  compressed  at  the  base  in  one 
diameter  (Fig.  li*j).  In  structure  a  villus  is  somewhat  com- 
plex. Covering  it  is  a  single  layer  of  columnar  epithelial  cells^ 
the  exposed  ends  of  the  majority  having  a  peculiar  bright 
t^triated  border  an*!  being  probalily  of  great  importance  in  ab- 
sorption, Mixed  with  these  cells  are  others  in  which  most  of 
the  cell  has  become  tilled  with  a  clear  mass  whicli  does  not 
stain  readily  with  reagents;  the  deep  narrow  end  of  the  cell 
stains  easily  and  contains  the  nucleus.  From  time  to  time  the 
clear  substance  (mueigen)  is  converted  into  mucus  and  dis- 
charged into  the  intestine,  leaving  behind  only  the  nucleus  and 
the  protoplasm  around  it.  These  reeoustruct  the  cell  and  form 
more  mueigen.  These  mucns-forming  cells  are  named  gobhi- 
celh^  from  their  sha[H\    Beneath  the  epitlielium  the  villus  may 
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he  regarded  as  made  up  of  a  framework  of  eonnective  tissue, 
mainly  of  the  adenoid  variety  (Chap,  XXill),  supporting  the 
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mure  essential  constituents.  Near  thcsiirfaee  is  an  incomplete 
layer  of  pluiu  inuscnlar  tissue,  continuous  below  with  a  mus- 
euUir  Btratura  forming  the  deepest  layer  of  tlie  mucous  mem- 
brane and  named  tjje  mniitnilarU  mnanttv.  In  the  centre  is  an 
offshoot  of  the  lyrni)liutic  system;  sonietinics  in  the  form  of  a 
fiingle  vessel  with  a  closed  dilated  eud,aud  sometimes  as  a  Bet- 
work  formed  by  two  main  vessels  with  eross-l>ranches.  During 
digestion  these  lymphatics  are  filled  with  a  milky-white  liquid 
a  bao r  bed  from  1 1 1  e  i  n  tes  t  i  n  es ,  a  n  d  t  h  ey  arc  acco  rd  i  i  \  g\y  cal  1  ed 
the  lacfcals^  They  coninuinicate  with  larger  branches  in  the 
submucous  coat,  which  end  in  trunks  thai  pass  out  through 
the  mesentery  to  joirj  the  njaiii  lymphatic  system.  Finally, 
in  eueh  villus,  outside  the  lactcals  and  heneatb  the  muscuhir 
<i|iyer  of  the  villns,  is  a  dose  network  of  bbod-vessels. 

Opening  on  the  surface  of  the  small  intestine,  between 
tlie  bafipit  nf  tho  villi,  are  snjall  glands,  the  crypt fi  ofHiFb^r- 
kithn.  Each  is  a  simple  unbranched  tube  lined  by  a  layer  of 
columnar  cells  some  of  which  have  r.  striated  free  border, 
though  less  marked  than  that  on  the  corresponding  cells  of 


Fio.  IT!!.— VIUI  of  the  amnU  fnt«»5t1n«»:  majnifrtM  nhrmt  flO  dfamet<^rR.  In  the 
rlirhVhand  flfoirr^  Oii*  liiftHntt*,  a,  tt.  c,  wnf  rUh*'l  wiili  whlU*  iiijerlkHi;  d.  blt*od-ve»» 
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la|t^;tioa.  The  o^'HIU'lJyiii  eoverinif  the  villi,  mtd  tlieir  inUHculur  fibres,  »re  omJti<»d 

the  villi»  and  others  ai*e  goblet-cells.  The  crypts  of  Lieber- 
kulm  are  chjsely  packed,  side  by  side,  like  the  glands  of  the 
stomach.  In  the  duodenum  are  fouTid  other  minute  glands, 
ihe  ffiands  of  Br u finer.     They   lie   in   the  submucous  coat 
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and  send  their  ducts  through  the  mucous  membrane  to  open 
on  its  inner  side. 

The  Large  Intestine  (Fig.  120),  forming  the  final  por- 
tion of  the  alimentary  canal,  is  about  1.5  meters  (5  feet) 
long,  and  varies  in  diameter  from  about  G  to  4  centimeters 
(2i  to  1^  inches).  Anatomists  describe  it  as  consisting  of 
ih^  ccecum  with  the  vermiform  appendix,  the  colon,  and  the 
rectum.  The  small  intestine  does  not  open  into  the  com- 
mencement of  the  large  but  into  its  side,  some  distance  from 
its  closed  upper  end,  and  the  caecum,  CC\  is  that  part  of  the 
large  intestine  which  extends  beyond  the  communication. 
From  it  })rojects  the  vermiform  appendixy  a  narrow  tube 
not  thicker  than  a  cedar  pencil,  and  about  10  centimetere 
(4  inches)  long.  The  colon  commences  on  the  right  side  of 
the  abdominal  cavity  where  the  small  intestine  communicates 
with  the  large,  runs  up  for  some  way  on  that  side  (ascending 
colon,  AC),  then  crosses  the  middle  line  (fran,werse  colon, 
TV)  below  the  stomach,  and  turns  down  (descending  colon, 
DC)  on  the  left  side  and  there  makes  an  S-shaped  bend 
known  as  the  sigmoid  flexure,  SF;  from  this  the  rectum,  R, 
the  terminal  straight  portion  of  the  intestine,  proceeds  to 
the  anal  opening,  by  which  the  alimentary  canal  communi- 
cates with  the  exterior.  h\  structure  the  large  intestine 
presents  the  same  coats  as  the  small.  The  external  stratum 
of  the  muscular  coat  is  not,  however,  develo})ed  uniformly 
around  it,  except  on  the  rectum,  but  occurs  in  three  bands 
separated  by  intervals  in  which  it  is  wanting.  These  bands 
being  shorter  than  the  rest  of  the  tube  cause  it  to  be  puck- 
ered, or  sacculated,  between  them.  The  mucous  coat  pos- 
sesses no  villi  or  valvulae  conniventes,  but  is  usually  thrown 
into  effaceable  folds,  like  those  of  the  stomach  but  smaller. 
It  contains  numerous  closely  set  glands  much  like  the  crypts 
of  Liei)erkuhn  of  the  small  intestine. 

The  Ileo-colic  Valve.  Where  the  small  intestine  joins 
the  large  there  is  a  valve,  formed  by  two  flaps  of  the  mucous 
membrane  sloping  down  into  the  colon,  and  so  disposed  as  to 
allow  matters  to  pass  readily  from  the  ileum  into  the  large 
intestine  but  not  the  other  way. 

The  Nerves  of  the  Intestines.  ^J'hese,  like  those  of  the 
heart  with  which  we  shall  later  have  to  compare  them 
physiologically,  are  tniriadr  and  extrinsic.  The  former  are 
connected    with   smatt-^gausHa   found    abundantly   on    the 
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fileTNtt  of  siu§f^^iivh  wlik'h  lies  b<»bweeij  the 
coats^  and  the  plexus  ofSsi&^ji£r  fouijil  in  the  su. 
coat.  Tire  eiitrinijii?  fibrfs  ]vroceed  inunedinteiy  irom  the 
gani^liateil  sular  f*liixut(  already  referred  to  and  from  a  similar 
rnrt^rutfrir  fiUrnt^  whicli  lies  lower  in  tlie  abdomen;  except  a 
few  branches  to  the  longilndirnil  muscular  coat  of  the  rectum 
which  pass  directly  from  some  of  the  sacral  spinal  nerves. 
Some  of  the  fibres  distributed  from  the  solar  plexiu^  are 
tiiose  running  from  the  brain  in  the  right  pncuTnogastric, 
and  probably  also  from  the  left,  having  crossed  over  to  the 
left  in  braDcbca  joining  the  two.  Others  reach  the  aolar 
plexus  by  meaus  of  the  s  phi  notifies  and  other  nerves  pro- 
ceeding from  the  ihoraeic  parts  of  the  two  sympathetic  chains. 
These  are  partly  vasa-eenstrictor  fibres  (Chap.  XVI J L),  but 
in  part  go  to  the  muscuha"  coats  of  the  intestine.  They  nniy 
be  traced  back  ihrougli  the  rommnnieatiug  branches  from 
symfiathetic  ganglia  to  the  corresponding  spinal  nerves  ami 
thenee  by  the  ventral  nerve-roots  into  the  spinal  cord. 
The  fibres  passing  to  the  intestines  from  the  mesenteric 
plexns  reach  that  plexus  from  the  posterior  thoracic  and 
anterior  lumbar  nympatbetic  ganglia,  and  can  also  be  tracked 
by  ex[>eriment  to  the  spinal  cord. 

The  Liver.  Besides  the  secretions  formed  by  the  glands 
imbedded  in  its  walls,  the  snuiU  intestine  receives  those  of 
two  large  orhinds,  the  flt'er  and  the  pan creas,  which  lie  in  the 
abdominal  cavity.  The  ducts  of  both  open  by  a  eonimon 
a}»erture  into  the  duodenum  about  10  centimeters  (4  inches) 
from  the  pylorns. 

The  iiver  is  the  largest  gland  in  the  Body,  weighing  from 
1400  to  ITOO  grams  (oO  to  64  ounces).  It  is  situated  in  the 
npper  part  of  the  ahilominal  cavity  ih,  Ie\  Fig.  1),  rather 
more  orj  the  right  than  on  the  left  side  and  immediately 
below  tlie  dia[diragm*  into  the  concavity  of  which  its  npper 
eurface  fir^.  and  reaches  across  the  middle  line  above  the 
pyloric  end  of  the  stonnich.  It  is  of  dark  reddish-brown 
color,  and  of  a  soft  friable  texture.  A  deep  fissure  incom- 
pletely divides  the  organ  into  n'ffhl  and  iefi  lobe.^,  of  which 
the  r'wiht  is  much  the  larger;  on  its  under  surface  (Fig,  116) 
ghal lower  grooves  mark  off  several  minor  lobes.  Its  tipi»er 
surface  is  smooth  and  convex.  The  vessels  carrying  blood 
to  the  liver  are  the  pariftl  rein,  Vp,  and  the  hep/riic  arlert/; 
both  enter  it  at  a  fissure  (ike  porttil jhsure)  on  its  under  side. 
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and  there  also  a  duct  passes  out  from  each  half  of  the  org:aa 
The  ducts  unite  to  furtu  the  heptUic  dnct^  Dh^  which  meets 
at  an  a«-'ULe  augle,  the  cystic  duvt,  Dc^  proceed in|(  from  the 
gall-bladder,  17,  a  pear-shupe*!  sac  in  which  the  bile,  or  gall, 
formed  by  the  livL^r,  accuniulatea  when  food  is  not  being 
digested    in    the    iatestiue*     The   common    bile-duet,  Dch, 
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Flo.  TKi.— Tbt*  iindi^r  »iirfiir<»  of  th«  \W^r.  rf,  riirht,  and  t,  left  lob*:  Vh,  li«p«Hc 
vein;  Vp,  parml  vHo:  H--  vi»imc«v»  inferior:  Dch,  common  bUeHduct;  £*c,  e^^n^ic 
duct;  £>ft.  hepririeaiiet;  T/,  gnH-blttddf  r, 

formefl  by  the  union  of  the  hepatic  and  cystic  ductft,  opens 
ifito  the  (lundetTUUK  Tho  blurnl  which  enters  the  liver  by 
tlie  port  id  vein  and  hepatic  artery  passes  out  by  the  hepatic 
reinM,  17/,  which  leave  the  posterior  bonier  of  the  organ  close 
to  the  vertebral  enliunn,and  there  open  into  the  inferior  vena 
cava  just  he  fore  it  pushes  up  throuixh  tlie  diajhrat^nn. 

The  Structure  of  the  Liver,  On  closely  examining  tlje 
surffK^c  of  tlie  liver,  it  will  be  seen  to  be  marked  out  into 
small  angular  areas  from  or^e  to  two  milliTneters  (^j  to  ^^ 
inch)  in  diameter.  These  are  the  outer  sides  of  the  ftuper- 
ficiid  layer  of  a  va?*t  number  of  minute  polvgomdiji  asses,  or 
hifytde^f  of  which  the  liver  h  built  up:  similar  areas  are  seen 
on  the  surface  of  any  section  made  through  the  organ. 
Each  lobule  (Fig.  117)  consists  of  a  nnmber  of  hepatic 
ccUa  sup^iorted  by  a  close  network  of  capillaries;  and  is 
separated    from   neighboring  lobules    by   connective  tissue, 


larger  blood-vessels,  and  bniiiches  of  the  hepiitic  duct.  The 
hepath'  cells  are  the  proper  tissue  elements  of  the  Jiver,  alt 
the  rest  Imiig  suhsiditiry  arrangements  for  their  ntitritioti 
and  protec'ti<iiL  Ejich  is  polygon  id,  nucleated  and  very 
graniilar^  aod  has  a  diameter  of  abont  .025  millimeter  (y?jVif 
of  an  inch).  In  each  lobule  they  are  arranged  in  rows  or 
strings,  which  form  a  network,  in  tlie  meshes  of  which  the 
blood-eapillaries  rnn.  Covering  the  snrface  of  the  liver 
18   a    layer  of   the   peritoneum,   beneath  which   is   a  dense 


r  Fio-  It*-— A  lobule  of  the  liver,  niH^niflfMl,  t^liowitiK  tli**  ht*piiiif  cells  radfutely 
SfcnjTfNJ  around  ilie  ceiitreil  immJi^buiiir  vein,  and  tlip  lohufur  c^pilLiide»  inter* 
ed  wltti  tbetii. 


connective-tissne  layer,  forming  the  ctt/tsKle  of  Glisso)!,  At 
the  portal  fissure  olfj^ets  from  this  caj)i^n!e  run  in.  and  line 
canals,  the  porinl  aiunls,  which  are  tunnelled  throHgh  the 
organ.  These,  becoming  sfualler  and  smaller  as  they  branch, 
finally  hecome  indistingnishablc  close  to  the  ultimate 
lobules.  From  tbeir  Widls  and  from  the  external  ouji.sule, 
connective-tissue  jnirtitions  radiate  in  all  directions  tbruugh 
the  liver  and  support  its  other  parts.  In  each  portal  canal 
lie  three  ves^sels — a  branrh  of  tbe  portal  vein,  a  branch  of 
the  liepatic  artery,  and  a  branch  of  the  heputie  duct;  the 
division  of  the  portal  vein  lieing  much  the  largest  of  the 
three.  These  vessels  break  up  its  the  portal  canals  do»  and 
all  end  in  minute  bratiches  around  the  lobules.  The  blood 
carried  in  by  the  portal  vciti  (which  has  already  circnhittMi 
through  the  capillaries  of  the  stomach,  spleen,  intestines  and 
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paiicreae)  is  thus  conveyed  to  a  fine  vascular  interlohular 
pfi'xus  around  the  liver-lohnles,  from  which  it  flows  on 
through  the  capillHriee  {iadftlar  phxas)  of  the  lobules  theitt- 
selves.  These  (Fig*  llTi  unite  iti  the  centre  of  the  lobule  to 
form  a  enmll  intrahbttlnr  vein,  which  carries  the  blootl  out 
and  pours  it  into  one  of  I  he  branches  of  origin  of  th«  hepatic 
vein,  cjilled  the  ftnbJohttlar  vein.  Each  of  the  latter  hag 
many  lobules  emptying  blood  into  it,  and  if  dissected  out 
witli  them  (Fig.  118)  would  look  something  like  a  branch  of 
a  tree  with  apples  attached  to  it  by  short  stalks,  represented 


Flo.  118.— A  fimall  portion  of  th*»  llT*»r,  inVcted,  *Dd  nia|ni^ifl«d  about  twemlj 
dlam^L^rH.  Tbf  hhnKX  veMftKlw  arr  i^prrtwnffHJ  mhtie;  the  lunre  Yean*!  in  ft  «iib 
tobtilnr  vein,  rt!>ce1vJiiK  thr*  Infralrhboliir  veitiH,  wbirb  in  turn  arn  derived  front  Ui« 
capill&rie«  oT  thf*  lobiilnR 


by  the  intmlobular  veins.  I'he  blood  is  finally  carried,  as 
already  pointed  out,  by  the  hepatic  veins  into  the  inferior  vena 
cava.  The  hepatic  artery,  u  direct  offshoot  of  the  cceliac 
axis,  ends  mainly  in  OlisiJtnfs  capsule  and  the  walls  of  the 
blood -vessels  and  bile-dut^ts,  but  some  of  its  blood  reachei 
the  lobular  plexuses ;  it  all  finally  leaves  the  liver  by  the 
hepatic  veins. 

The  bile-ducts  can  be  read dy  tniced  to  the  periphery 
of  the  lobules,  and  there  connnunic4ite  with  a  network  of 
extremely  minute  commeni'in^  bile  ducts,  ramifying  in  the 
lobnle  between  the  lie  pal  ic  cells  compojiing  it. 

The  Pancreas  or  Sweetbread.  This  is  an  elongated 
soft  organ  of  a  pinkish  yellow  color,  lying  along  the  great 
curviiture  of  the  stomaclL  Its  right  end  is  the  larger, 
Hilid  is  embraced  by  the  duodenum  (Fig.  IH)),  which  there 


\ 


Fio    trO— The  i»l4>iiiiioii.  pnncfea*.  t\vfr.  ftful  *1in"NjKnnt»ii.  witb  p*irt  of  rhe  i 

of    till*    tirnall     (iiti?!*tin««    ami  the  iiir"*»*ntri'v;     Uie    ^loiimfh  nml  liv**r  hdvip  b 

iaimf^  (IP  sm  Ad  io**x|MTi4e  II"*"  pjiricT**itM,  I',  •iroitmcli  :  t>.  l>  .  f*  ,  <Uuydfnnn*  :  L, 
«l>l<»«i  ;  P.  p«norva*;  R.  rticl»T  kliliir'V  :  r,  jejiiniitn  ;  P/.  isr/ill-hliirMfri  /*,  ht*r»atie 
duel;  e.  cywik'  tluet  ;  th.  ooinnion  Nl«-du«'t:  1.  aortu;  **,  Hn  artery '■♦•ft  i'i«rori(iry* 
of  tlif*  fflomaf^tn  8.  lii»piitk»  artHry :  4.  •pl'-nU-  artery;  5  tnjiHTior  iiifs*»nirrie  iirter>; 
rior  mesifnterk*  relo;  7,  i»plen4c  vein :   Vp,  jwirtAl  vein 


The  Blood -v^esBels  of  Alimentary  Canal,  Liver,  Spleen 
and  Pancreaa      The  |Kirtal  vein   {Vp,  Fi;,^  110)  has  already 
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been  referred  to  as  differing  from  all  other  veins  iu  that  it 
Bot  only  receives  hXooil  from  a  system  of  ciipillaries  but  ends 
in  a  second  set  of  ctipillarieg,  which  Jie  in  the  liver.  The 
f|iirinttty  of  blood  broiuTiir  u,  ? apply  the  hepatic  papi Maries 
bv  ilu'  iii'iiatio  artery  f  much  less  than  that  brongbt 

by  the  portiil  vein.     I'lie  stomach,  the  inlestines,  the  pancreas 

and  tlie  spleen  are  supplied 
with  arterial  blood  from 
three  great  branches  of  the 
aorta.  The  most  anterior 
of  these,  the  cwliac  ajris^ 
springs  from  the  aorta  close 
beneath  the  diaphragm  and 
divides  into  the  hrpatic 
artery,  splenic  ar/en/,  and 
arteries  for  the  stomach; 
§onie  of  these  divisions  may 
be  seen  in  Fig.  119.  The 
pancreas  is  supplied  partly 
from  the  hepatic,  partly 
from  the  splenic  artery. 
The  two  other  branches 
{superior  and  inferior  mes- 
eft  (eric  artery)  are  given  off 
from  the  aorta  lower  down 
in  the  abdominal  cavity: 
the  former  (5,  Fig.  119) 
supplies  the  small  intestine 
and  half  of  the  large,  the 
Fio.  i90.-DiAirmm  of  abtiomtitiii  p^rt  of  latter  the  remainder  of  the 
the  pyloric  port  of  th*-  **iom«ch;  A  rhe  large,  i  he  bJoocl  passiug 
BiBftii  (nte«ouH:  PC,  the  c-joeum  w(th  o.*-  through   all    these   arteries 

tmnHViTwe,  and    HP,   t\m(^r\f\\Ti%  »?oloi»;    H,    oe<H>Tlie»       VeUOUS        lU       me  ^ 

tKer**rtnm  ou[)iliarieg    of    the    organs 

they  supply,  and  is  gathered  into  corresponding  veins  (Fig. 
119)  whicii  unite  near  the  liver  to  form  the  portal  vein. 
The  further  course  of  the  blood  carried  to  the  liver  (pMrLly 
arterial  from  the  liepiitii'  wrt^ry.  fmrtly  venous  from  the  portal 
system)  \\\\^  been  described  already  (p.  345), 
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THE  LYMPHATIC  SYSTEM  AND  THE  DUCTLESS  GLANDS. 
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The  LymphaticB  or  Absorbents  are  very  widely  distrib- 
iUhI  in  liir  Ihnly,  Mu.sL  or^^iiiis,  as  hm  been  i>uiT:tc'd 
out  (\u  63),  possess  a  sort  of  interiKd  skeleton  nuule  up 
of  connective  tissue,  wliich  consists  inuinly  of  binidles  of 
fibres,  united  together  and  covered-in  by  a  "cement '*  sub- 
nee.  In  this  su])stHnee  tire  found  nnnieroua  L'iivitk»s»  usn- 
lly  branched,  and  eurnrnnnicntin^  with  t^ne  iinother  by  their 
brauches.  They  frecjuontly  eon  tain  eonnective-tiBene  cor- 
pnaclee^  which,  however,  do  not  completely  fill  thetn;  and 
they  thus,  with  their  brunches,  form  a  set  of  intereonimnni- 
cating  channels  known  as  the  '*  iifrnph-rafutHrniif''  because 
they  are  tilled  with  lymph.  As  the  connective  tiaeuea  ae<!nm- 
pany  blood-vessels  wherever  the  latter  run,  the  canalicnli, 
which  are  fref|uently  relatively  hiv^e  around  the  blond-cstpil- 
larie^*  take  up  the  liijuid  which  transudes  through  their  walls, 
and  this  tntfisndftfiou  liquid  is  the  orig-in  of  the  lymph. 
Even  where  blood-vessels  and  connective  tissue  do  not  peiie- 
tratct  as  in  bone  between  the  Haversian  canals,  lytnfdi-canal- 
iculi  penetrate,  bein^^  connected  with  the  cavities  in  which 
the  bone-corpuscles  lie;  and  in  the  deeper  layers  of  the 
epidermis  the  cells  are  covered  with  prickle-like  projections 
and  unite  by  the  tips  of  tfjcse  so  as  iu  leave  tniuule  channels 
which  apparently  are  lymph -canalieuli,  These  very  minute 
channels,  with  no  definite  lining  cells,  but  mere  crevices  be- 
tween tissue  elements,  or  tubes  hollowed  out  irj  tfie  matrix  of 
connective  tissue,  bone  and  (possibly)  cartihtofe,  constitute 
the  origin  nf  the  lytnpliatic  system.  'J'be  tnnjsudatioii  liipiid 
which  enters  them  from  the  bluod-vessels  is  rajiidly  altered 
by  interchatiije  with  the  neighboring  tissues,  losinj^  certain 
materials  and  gathering  others;  and  as  the  substances  taken 
jujd  the  waste  and  other  products  returned  vary  very  much 
Id  different  organs,  the  lyrnph  leaving  tliem  must  differ  also, 
Kevertheless  it  retains  certain  common  features,  histoh>gical 
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and  chemiciil  (pp.  49,  G*2),  which  justify  us  in  speaking  of  it 
in  generul  as  the  himph,  Tlie  lymphatic  vessels  collect  this 
lymph  or  at  least  such  part  of  it  as  does  not  pass  back  locally 
by  diffusion  into  the  blood,  and  pour  it  into  the  veins. 

The  Structure  of  Lymph-vessels.  The  smallest  lymph- 
vessels  proper  are  the  lymph  capillaries;  tubes  rather  wider 
than  the  blood-capillaries,  but  like  them  having  a  wall  con- 
sisting of  a  single  layer  of  flattened  epithelium  cells.  The 
cells  have,  however,  a  wavy  margin  and  are  not  as  a  rule  much 
longer  in  one  diameter  than  another,  in  both  of  which  respects 
they  differ  from  the  cells  of  the  corresponding  blood-vessels. 
In  some  regions,  as  in  many  gliHtds,  the  lymph-capillaries  are 
much  dilated  and  form  irregular  lymph  l^^cmojCy  everywhere 
bounded  by  their  peculiar  wavy  cells,  lying  in  the  interstices 
of  organs;  and  sometimes  they  form  tubes  around  small  blood- 
vessels, as  in  the  brain  (perivaacular  lymph^hannel).  In 
some  places  they  commence  by  blind  ends  as  in  the  lacteal 
vessels  of  the  villi  of  the  small  intestine  (Fig.  115)  which  are 
lymph-capillaries;  but  usually  they  branch  and  join  to  form 
networks.  Lymph  from  the  canaliculi  enters  them  (whether 
by  passing  througli  their  boundary  cells  or  through  clefts  left 
between  tliese  is  not  certain)  and  is  j)assed  on  to  larger  vessels 
wliich  niucli  resemble  veins  of  corresponding  size,  having  the 
same  tliree  coats,  and  being  abundantly  provided  with  valves. 

The  Thoracic  Duct.  Tlie  lymph-vessels  proceeding  from 
the  capillaries  in  various  organs  become  larger  and  fewer  by 
joining  together,  and  all  end  finally  in  two  main  trunks  which 
oj)en  into  the  v(»nous  system  on  the  sides  of  the  neck,  at  the 
point  of  junction  of  the  jugular  and  subclavian  veins.  The 
trunk  on  the  right  side  is  much  smaller  than  the  other  and 
is  known  as  tlie  "  /•//////  himphafir  ductS^  It  collects  lymph 
from  the  ri<;ht  side  of  the  thorax,  from  the  right  side  of  the  head 
and  neck,  and  tlie  rigiit  arm.  Tlie  lymph  from  all  the  rest 
of  the  Hody  is  collected  into  the  thoracic  duct.  It  com- 
mences at  the  upper  part  of  the  alxlominal  cavity  in  a  dilated 
reservoir  (tiie  receptitculuni  chf/Ii),  into  which  the  lacteals 
from  the  intestines,  and  tlie  lymphatics  of  the  rest  of  the 
lower  part  of  the  Body,  open.  From  thence  the  thoracic 
duct,  receiving  tributaries  on  its  course,  runs  up  the  thorax 
alongside  of  the  aorta  and,  passing  on  into  the  neck,  ends  on  the 
left  side  at  the  ])oint  already  indicated;  receiving  on  its  way 
the  main  stems  from  the  left  arm  and  the  left  side  of  the 
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head  and  iieek.  Tlio  tliuraeit'  duct,  tlui^»  bring's  buck  to  the 
blood  iiiLioli  more  lyiiiph  thjui  the  riglit  lyniphatit^  duci. 

The  Serous  Cavities.  These  iire  greiit  dependt^iiciea  of 
the  lyiii]jhatic  i^yi^teni  nnd  may  he  regarded  as  large  lacuna?. 
Each  of  them  (peritojieul,  pk'urnU  orarhuoidal  and  pericar- 
diac) is  lined  by  u  definite  cjiitfielioid  layer  of  close-fitting 
polygoTial  cells.  At  certain  points,  however,  openings  or 
stoffKtia  occur,  surronnded  by  a  riii;^  of  smaller  cells,  and 
lenditig  into  tubes  which  npeti  into  subjacent  lymphatic 
ve^els.  Tht?  hqind  moistening  these  cavities  is*  tlien,  really 
lymph:  in  sotne  drnp^eni  Uw^^^cs  it  collects  in  gi'cat  exceis« 
in  them, 

Iiymphoid  or  Adenoid  Tissue  is  the  name  given  to  cer- 
tain aggregations  of  slightly  dilTcren tinted  cells  (frttmc/f/es) 
supported  by  a  peculiar  form  of  tii^sne  and  found  in  con- 
nection with  the  lymphatic  system  in  many  parts  of  the  body. 
The  cells  mncli  resemble  white  blood -corpuscles,  though  their 
nuclei  usually  have  a  nunc  distinct  network,  and  they  are 
capable  of  executing  amceboid  ninvcments.  Many  of  them 
ultimately  are  carried  by  the  lymph  itito  the  blood  to  be- 
come pale  corpuscles,  and  from  the  blood  some  again  pass 
buck  into  the  lymph  by  niigratiiig  thi*oU2:h  the  walls  of 
the  blood-capillarie.^.  By  amcehoiil  tnovement  these  lymph- 
corpuscles  can  take  up  foreign  particles  into  themselves 
and  crec»p  with  the  absorbed  material  along  lympli-camdiculi 
and  lymph-oHpiOaries,  Lymphoid  tissue  is  extensively  devel- 
o|wd  in  the  mucous  membrane  of  a  great  part  of  the  ali- 
mentary canal. 

The  deepest  layer  of  the  tnucoiis  membrane  of  stomach 
and  intestines,  lying  next  to  the  siibnrucous  coat  is  the  wns- 
cnlaris  mucosw,  a  thin  layer  of  nnstriped  muscular  tissue  quite 
distinct  from  the  proper  muscular  coats  of  those  viscera.  Above 
it  and  forming  the  main  bulk  of  the  mucous  membrane  lying 
between  the  glands  (o.  Fig,  111)  aruh  in  the  small  intestine, 
the  main  mass  of  the  villi,  is  a  delicate  coritiective  tissue  con- 
sisting of  very  fine  fibres  which  originated  by  the  branch- 
ing of  cells;  in  many  places  the  nuclei  of  these  cells  have  cpiite 
disappeared,  and  the  original  central  part  of  the  cell  is  oidy 
recognizable  as  the  place  from  which  the  branches  si)read:  sucii 
tissue  is  reticular  connective  tissue.  Its  meshes  contain  many 
leucocytes,  and  the  mixture  of  reticular  tissue  with  these  cells 
constitutes  adenoid  or  It/mphoid  tissue.     At  numerous  spots. 
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especially  in  the  small  intestine,  the  cells  are  peculiarly  abun^ 
daut,  forming  local  aggregations  of  about  the  size  of  the  head 
of  a  small  pin:  these  are  named  closed  or  solitary  follicles. 
A  minute  artery  enters  each  and  gives  rise  to  a^p!!Tafy7iet- 
work  in  it,  from  which  the  blood  is  carried  off  by  a  small  vein. 
The  follicle  lies  in,  or  rather  projects  into,  a  lymph-lacun» 
whicli  closely  invests  it,  and  is  in  direct  communication  with 
other  lymphatic  vessels  of  the  neighborhood.  The  central 
leucocytes  of  the  follicle  are  smaller  than  tlie  outer,  and  their 
nuclei  are  often  found  in  various  stages  of  karyokinesis. 
Each  follicle  must  therefore  be  regarded  as  a  seat  of  forma- 
tion of  new  leucocytes,  new-made  ones  being  pushed  to  the 
outside,  growing,  and  finally  being  cast  out  into  the  sur- 
rounding lympli-lacuna,  to  be  carried  away  in  the  lymph- 
current. 

Near  the  lower  part  of  the  ileum  large  nu,m.hers  of  solitary 
follicles  are  closely  collected  side  by  side  at  intervals  along 
the  part  of  the  bowel  opposite  to  that  at  which  the  mesentery 
joins  it :  these  aggregations  are  known  as  Pe iter's  patches:  and 
are  easily  recognizable  by  the  unaide(fl5ye,  as  villi  are  absent 
from  the  part  of  the  mucous  membrane  opposite  them,  and 
they  als(>  cause  a  bulging,  visible  on  the  outside  of  the  intes- 
tine.    Tliey  disappear  after  middle  life. 

The  Lymphatic  Glands  are  essentially  Fever's  patclies 
mure  (•()in]>licated  in  structure  by  the  fact  that  the  constitu- 
ent follicles  are  more  closely  united  and  are  gwtheytd  into 
romuliiiii  masses  inafregrf'^of  being  npi^tad  ouLiii  nk  single  layer. 
'J'hey  are  found  in  various  regions  on  the  course  of  lymphatic 
vessels;  especially  in  the  mesentery,  groin  and  neck.  In  the 
hitter  ]>()siti()n  they  often  inflame  and  give  rise  to  abscesses, 
especially  in  tuberculous  persons;  and  still  more  often  enlarge, 
harden  and  become  more  or  less  tender,  so  as  to  attract  at- 
tention to  tlieni.  In  common  parlance  it  is  then  frequently 
said  tliat  the  ])erson's  **  kernels  have  come  down,*'  or  that  he 
has**  waxing  kernels.''  Each  lymphatic  gland  is  enveloped 
in  a  connective-tissue  capsule,  partitions  of  which  incomplete- 
ly divide  it  into  chambers  in  which  the  lymphoid  tissue  lies. 
'J'he  pam444ai*  are  more  compl^^t*^  iu  the  outer-  parts  of  the 
ghmd  {coriifrri  jmrtion).  which  accordingly  Itwjs  different 
from  the  central  portion  (ttH^dulla)  in  sections.  In  the  lym- 
phoid tissue  are  contained  many  leucocytes  in  process  of 
division.     "  Afferent "  lymphatic  vessels   open  into  the   pe- 
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riphery  of  the  gland,  and  efferent  veBsels  iirigo  in  its  centre. 
Heuc'O  the  lymph  in  itt?  tinw  traverse!^  the  celhilur  gland  mh- 
sUince,  and  in  its  course  yu-ki^  np  extra  eor|niiieles  whirdi  it 
carries  on  to  the  blood.  In  the  lymphoid  tissue  there  is  a 
cloee  network  of  hluod-cjipiHaries  It  h  clear  that  these 
organa  are  not  true  gland**,  in  rhe  proper  sense  of  the  word: 
they  are  Hionietimes  eddied  Uimphffiw  tjtfHtjUfu  hut  that  sug- 
gefltfi  a  connection  witii  uerve-fenircs;  a  good  name  for  them 
is  hjmphatit'  HOfha.  In  Fig.  l!*0  is  given  a  diagrammatic  rep- 
resell tatiou  of  a  lymphatic  not[e. 


-nij«jifram  of  nvnwi-w^cilnn  of  a  Ivmphntir'  irUnd :  nl.  nfferent  lymphatic 

»"fler*»iit  Ijiniihaiic  vessel;  fr,  Atip  nf  th»*  oiiiiiieeMve  tlf«i!sti**  h*iTi*1s  eub- 

-'lurirt  :  P.  *x»rft<'ftl  pnrfioii;   .W.  m^'d'nllArv  portifni.     The  lfi»cr»cytfH  ar«* 

hIv  in  a  imrr  nf  i)ip*  riclir  li?ilf  of  rh»»  «lliiriir«*.  wh*-!^*  tht^y  ar**  »wH*n,  On. 

jmckftl  In  rlif*  i'fno-«»  nf  ri  jjlanrl-fliamlifr.  whiM  tr>warc1i(  tb**  wnlN  of 

,  Ix.  whpr*'  tli*«v  nr*'  imtfimlly   h-^^  olowly  p^ekivl,  tht«v    hAVi«i  l»eeo 

"^^  V .  ax  oflcii  happens  In  prf  pnrtriiiC  a  specimen,  Ifuviiiif  the  rvUculnr  sup- 

p-. ■^.  ..--.It'  coii*ipl4'n(>Uft, 

The  Movement  of  the  Lymph.  This  is  no  douht  some- 
what irreg-nlar  in  the  eommencincr  vessels,  hnt,  on  the  whole, 
8et*  on  to  the  larger  trnrd.js  atul  throncr)i  them  to  the  veins. 
In  many  animals  (as  the  fro^)  at  points  where  the  lymphatics 
comnnmieate  with  the  veins,  there  are  frmnd  re^ihirly  con- 
tractile "lymph-heart,^"  which  heat  with  a  rhythm  independ- 
ent of  that  of  the  hlood-heart,  and  pump  the  lymph  into  a 
Tein.  In  the  human  Body, however,  there  are  no  such  hearts, 
and  the  flow  of  the  lyuijih  U  (hnimdent  on  le«s  definite 
arran elements.  It  seems  to  he  maintained  niaiidy  hy  three 
things  (1)  The  pressure  on  the  hlooiKplasma  in  the  capil- 
lan^  is  greater  than  Hiat  in  the  great  veins  of  the  neck; 
hence  any  plasma  filtered  through  the  eajdllary-walls  will  be 
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under  a  pressure  which  will  tend  to  make  it  flow  to  the  ve- 
nous termination  of  the  thoracic  or  the  right  lym])hatic  duct. 
(2)  On  account  of  the  numerous  valves  in  the  lymphatic 
vessels  (which  all  only  allow  the  lymph  to  flow  past  them  to 
larger  trunks)  any  movement  compressing  a  lymph-vessel  will 
cause  an  onward  flow  of  its  contents.  The  influence  thus 
exerted  is  very  important.  If  a  tube  be  put  in  a  large  lym- 
phatic, say  at  tlie  top  of  the  leg  of  an  animal,  it  will  be  seen 
that  the  lymph  oidy  flows  out  very  slowly  while  the  animal 
is  quiet;  but  as  soon  as  it  moves  the  leg  the  flow  is  greatly 
accelerated.  (:»)  During  each  insjuration  the  pressure  on  the 
thoracic  duct  is  less  than  that  in  the  lymphatics  in  parts  of 
the  Body  outside  the  thorax  (see  Chap.  XXV).  Accord- 
ingly, at  that  time,  Ivmph  is  })ressed,  or,  in  common  phrase, 
is  "sucked,"  into  the  thoracic  duct.  During  the  succeeding 
expiration  the  pressure  on  the  thoracic  duct  becomes  greater 
again,  and  some  of  its  contents  are  pressed  out;  but  on 
account  of  the  valves  of  the  vt^ssels  which  unite  to  form  the 
duct,  they  can  only  go  towards  the  veins  of  the  neck. 

During  digestion,  moreover,  contractions  of  the  villi  press 
on  the  lymj)h  or  chyle  within  them  and  force  it  on;  and  in 
certain  parts  of  the  Body  g?'avity,  of  course,  aids  the  flow, 
though  it  will  impede  it  in  others. 

The  Ductless  Glands— Spleen,  Thyroid,  Thymus,  Pit- 
uitary Body,  Suprarenals. — There  are  in  the  Body  several 
organs  of  su(*h  considerable  size  and  so  constantly  present 
in  vertebrate  animals  that  a  priori  they  would  seem  to  be  of 
functional  im])ortance.  Until  (pute  recently,  however,  the 
funetions  of  nearly  all  of  them  were  quite  problematical,  al- 
thougli  it  has  long  been  known  tliat  pathological  changes  in 
some  of  them  were  associated  with  grave  conditions  of  general 
disease.   Even  yet  their  pjjysiology  is  very  incompletely  known. 

When  we  s|)eak  of  a  true  gland  we  mean  an  organ  that 
forms  some  definite  secretion  which  it  pours  out  in  a  separate 
form,  but  tile  oriraiis  we  are  about  to  consider  have  no  secret- 
ing recesses  and  n()  ducts:  nevertheless  some  of  them  un- 
doubtedly make,  and  pass  into  the  lymph  and  blood,  substances 
of  irrcat  importance  to  the  liealthy  working  of  the  Body. 
Some  true  glands  indeed  do  this,  quite  apart  from  the  manu- 
facture ol*  wliat  is  usnally  spoken  of  as  their  secretion.  Why 
so  larire  an  organ  as  tiie  liver  should  be  set  apart  for  the  for- 
mation of  so  comparatively  unimportant   a  digestive  fluid  as 
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the  bile  was  long  a  puzzle.  Wo  now  know  that  the  chief  use 
of  theliver  isconneeted  with  the  stomge  uiui  fornuition  of  car- 
bf»hyilrate  materials  (see  Chap.  XXIX  I,  arKl  tliat,  rpiito  apart 
from  the  use  of  bile  in  Jigestion  or  the  eliuiinattou  of  part  of 
the  bile  as  wai^te,  tbo  liver  exerts  an  essential  influence  on  the 
whole  normal  nutritional  processes  of  the  Body.  Again,  in 
the  pancreas  we  bave  an  orpm  which  forms  a  very  important 
diEfestive  secretion,  and  it  uiigbt  well  be  that  this  was  its  sole 
use  in  the  economy.  But  when  the  4^>anereari  i^  carefully  re- 
moved from  an  animal  great  nutritional  (listnrlmnceij  follow, 
as  f^ltown,  amonof  other  thin^^s,  by  diai/efes,  i.e.,  the  presence 
of  suj^ar  in  tbe  urine.  Since  the  paiuTrpITtic  secretion  [ioure<l 
into  the  intesliiuf  by  tbe  gland  duct  has  much  tu  do  with  the 
digestion  of  starch  and  its  conversion  into  sugar,  it  might  be 
Bupposed  that  mere  iliiiestive  di^turbanceii  due  to  its  absence 
led  to  tbe  diiibetic  and  i^feneral  chautres.  But  this  \s  not  so. 
If  a  piece  of  livintj  pjincreas  be  transplanted  frcun  one  animal 
to  beneath  tbe  skin  of  another,  and  left  until  it  has  grown 
there,  the  paucr*-as  of  tlie  second  animal  may  be  removed 
wiiboiit  «'ausing  diabetes.  Moreover  it  is  [lossiblc  by  inject- 
in«?  melted  paratfin  into  the  pancreatic  duct  of  jin  animal  not 
only  to  prevent  the  gland  secretion  from  reachiiig  the  intes- 
tine, but  to  cause  atrophy  of  tbe  true  gland -cells.  Yet 
animals  so  treated  do  not  become  diabetic.  It  is  then  clear 
that  there  is  some  material  necessary  to  health  and  quite 
distinct  from  jiancreattc  juice  formed  by  pancreatic  tissue  and 
taken  up  from  it  by  the  circulating  liquids.  Scattered  throngh 
the  pancreas,  and  quite  distinct  from  its  jn'oper  gland  tissue, 
are  pccnHar  patches  of  cells  very  richly  supplied  with  blood- 
vegselg.  Probably  theae  cells  are  concerned  in  the  antidiabetic 
function  of  the  gland;  btit  wbetlter  tbruugh  special  cells 
or  not,  the  organ  has  an  important  htlerttaLjm:x§(V^^f  to 
blood  and  lympb,  in  addition  to  its  external  secretion  to  ita 
duct.  This  fact  may  bave  a  very  wide  bearing:  it  nray  be 
that  all  organs,  or  many  organs,  in  addition  to  their  more  ob- 
vioujj  fonctioTvs,  do,  as  the  result  of  the  chemical  proeessea 
taking  place  in  them,  manufacture  substances  a  supply  of 
which, to  lympb  or  blood,  is  required  for  the  life  or  healtfi  of 
distant  parts  of  the  Body,  Tbe  waste  of  fuie  organ  before  its 
final  conversion  into  curlmn  dioxide,  water,  or  urea,  for  elimi- 
nation from  the  system,  may  be  a  necessary  f«>oil  of  another. 
It  is,  for  examplct  quite  possible  that  the  kreatin  formed  in 
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muscles  and  passed  from  them  to  the  circulating  fluid  is 
essential  to  the  general  health  of  the  Body.  There  are,  how- 
ever, so  mjiny  muscles  that  the  removal  of  some  of  them,  as 
when  a  limb  is  amputated,  does  not  cut  off  the  kreatin  supply, 
and  so  disease  does  not  result.  When,  on  the  other  hand,  an 
organ  is  unique,  as  the  thyroid,  or  exists  only  in  a  single  pair, 
as  the  suprarenals,  then  removal  or  extensive  disease,  by  de- 
priving tiio  system  of  the  peculiar  internal  secretion  of  the 
organ  concerned  or,  possibly,  from  the  accumulation  within 
the  blood  of  substances  which  it  is  the  function  of  the  missing 
part  to  absorb  and  destroy,  may,  often  in  fact  does,  lead  to 
widespread  nutritional  changes,  resulting  in  death. 

The  Spleen.  Tliis  is  an  organ  situated  at  the  left  end  of 
the  stomach  (/>,  Fig.  11())  and  is  about  170  grams  (fi.oz.)  in 
weight.  Its  size  is,  liowever,  very  variable;  it  enlarges  dur- 
ing di^»stiou  and  shrinks  after  it  until  the  next  meal.^  In 
many  fevers,  especially  in  tliose  of  malarial  nature,  it  also 
becomes~nlarged,  frecpiently  to  a  very  great  extent,  and  this 
enlargement  may  become  permanent,  constituting  the  so- 
called  "•  ague-cake."  In  color  tlie  spleen  is  dark  red,  but  if 
cut  across  numerous  white  spots  of  about  1  mm.  {^  inch) 
diameter  are  soon  scattered  over  the  surface  of  the  section:  it 
is  very  richly  supplied  with  blood  which  is  carried  away  by 
the  splenic  vein  (T,  Fig.  119)  and  poured  into  the  portal  vein. 
The  s|»leon  possesses  on  its  exterior  a  connective-tissue  capsule 
very  riclj  in  elastic  fibres  and  giving  off  numerous  bands 
{tralwcnl(p)  which  branch  and  interlace  throughout  the  organ 
forming  a  spongy  mass,  in  the  spaces  of  which  is  contained  a 
soft  red  //////>  of  peculiar  structure.  The  arteries  of  the  organ 
by  frequent  branching  are  reduced  to  almost  capillary  size, 
and  these  terminal  twigs  enter  into  the  pulp,  and  there,  los- 
ing all  coats  but  the  lining  e])ithelium,  assume  the  structure 
of  ca))illaries.  The  cells  forming  the  walls  of  these  ca- 
pillaries next  separate  from  one  another  so  as  to  leave 
clefts  between  them,  and  at  the  same  time  become  irregu- 
larly brani^hed  and,  joining  ])y  their  branches,  form  a  sup- 
porting frjiniework  or  rcticiihun  through  the  pulp,  into 
whicii  latter  the  blood  is  jioured  freely  through  the  spaces 
between  the  cells.  The  main  nmss  of  the  splenic  pulp  con- 
sists of  red  blood-corpuscles,  some  normal  in  appearance, 
some  appearing  partly  broken  down;  mixed  with  these  are 
^  corpuscl*^H    «^nd  some  larger  colorless  ama?boid 
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cells  in  whicli  are  often  found  one  or  more  red  corpusdea 
which  have  iip]uirently  been  swiillowed  by  tbtnn.  There  uro 
also  nnmy  pigmented  gi'uiiule.s,  6unje  free  and  some  viithin 
ainitboid  cells;  they  are  uppurently  the  dt^brii*  of  red  corpns- 
i:\i^s  wbit^b  have  been  brokt^n  down.  In  early  life  the  splcjire 
pulp  also  contains  granular  colorless  cells  within  which  red 

.     C(*r£p«ele5  are  seen  in  the  [iiocess  uf  development.    Tbt*  whole 
ibrl^Ttitologiral  8t  met  lire  ul  the  adult  pulp  suggests  that  in  it 
many  reel   blood-corpiiseles  are  finally  destroyed,  setting  free 

^--hjetjioglobin  and  otlier  coloring  matters  derived  from  it.  This 
breaking  down  of  haemoglobin  must  also  give  rise  to  proteids 
and  stibstances  derivinl  from  the  ehemical  degrjidafion  of 
proteids,  and  the  jspleen  is  extremely  rich  in  nitrogenous 
crytjtalline  substances.  The  JTirreiiftM  in  ^ia^  *\^  the  spleeu 
during  di^aalioc,  when  the  veins  of  the  nlimentary  canal  are 
I>ouring  great  (pnirk titles  of  blood  laden  with  absorbed  mat- 
ters into  the  portal  sy8Cem,  sugpf*»(iU  that  the  spleen  suppliiifr 
things  to  the  Uv»j^*ht  that  time  which  are  of  importance  to  it. 
There  ia  reason  to  believe  that  the  nniin  coloring  matter 
of  the  bile  jH^irtthiuj  i^'  derived  from  the  iMttnogtiffln  of  red 
corpuscles  which  have  completed  tlieir  life-period  and  been 
destroyed,  and  it  may  be  that  thcsplee!i  takes  the  first  steps  in 
the  preparation  of  bilirubin  for  it.H  elimination  from  the  Body 
Ifls  a  wu«;te  product.  There  still  is,  however,  mnch  dwil^l  a^ 
to  the  real  function  of  the  Kpleen;  it  almost  certainly  phiya 
an  important  part  in  the  proteid  metabolisms  of  the  Jiody. 
Thorigh  60  large  an  organ  it  is  itot  essential ;  animals  from 
whom  it  has  been  completely  removed  can  live  a  long  time 
in  good  health.  The  red  marrow  uf  spongy  hone  greatly  re- 
sembles the  splenic  pulp  in  histological  characters  and  may 
have  similar  functions  and  be  able  to  entirely  take  the  place  of 
the  spleen  when  the  organ  has  been  excised.  The  white  spota 
Been  on  the  cut  surfiice  of  a  s}>leen  are  section!^  of  maiapes  of 
adenoid  tissue  attached  to  the  smaller  splenic  arteries  and 
named  Mttlpiffhinn  corpusrha;  they  resemble  the  alosed  fol- 
licles of  the  inlestin*^  in  jstiiuture. 

The  Thyroid  Body  or  Gland.  This  organ  lies  in  the 
neck  on  the  sides  of  the  windiupe  and  consists  usually  of  a 
right  and  a  left  lobe  united  by  a  narrow^  istbmu!?  across  the 
front  of  the  air-tube.  It  is  about  thirty  grams  (two  <*4»iiceg) 
HI  weight;  in  the  disejise  known  as  f/oitre  it  is  greatly  en- 
larged and  its  structure  altered.     Tlie  thyroid  is  dark  red  in 


:i58 


THE  iniMAN  BODY, 


color  and  very  vascular,  ricblv  supplied  with  nerves,  and  is 
subdivided  by  connective  tissue  into  ciivities  or  alveoli\  the 
largest  of  wbicii  iire  just  visible  to  the  uiuiided  eye.  Kuch 
alveolus  is  Htied  by  a  single  layer  of  euboidiil  cells,  and  filled 
by  a  glairy  fluid  which  appears  to  contain  mucin. 

The  very  abundant  blood -supply  of  the  thyroid  suggests 
that  it  is  the  afti»t^>f^pnrtnt>t  nt4iLaUaii4i  Qy«<k<iWiiOttt  ohmiges. 
and  observation  and  expi-rinicnt  confirm  this.  Bxtensive 
disease  of  the  thyroid  leads  to  great  clianges  in  the  general 
nntrition  of  the  Body,  ending  in  the  condition  uarned 
nn^mdmm¥f;  mui'i§m^m9'\if\nid  collects  in  the  cgmn»iiiti»c  tis- 
sues, nervous  and  muscular  activity  are  Tuuch  impaired, 
tremors  and  convulsions  occur,  and  finally  a  send  idiotic  con- 
dition {cretin ism)  conies  on  and  hs  followed  by  death  if  nil  theR 
gland  lie  disesvsed.  Quite  sinular  syniptonis  follow  the  com- 
plete reiuovjil  of  tlie  thyroid  body  from  aninnils,  or  from  niau 
for  tumors;  but  if  even  a  small  part  of  healthy  gland-tissue 
be  left  behind  the  syniptoms  do  not  occur.  Moreover,  if  ;i 
portion  of  living  thyroid  from  one  animal  be  grafted  beneath 
the  skin  of  another,  the  thyroid  of  the  latter  can  be  com- 
pletely removed  without  intiuencing  the  general  health.  It 
would  seem  then  that  the  gland  is  the  place  of  formation  of 
some  substance  essential  to  the  healthy  working  of  the  Body, 
but  ihut  under  ordinary  conditions  of  life  the  whole  organ 
is  not  required  to  produce  the  necessary  mininuim  of  this 
subfitance.  This  view  is  strengthened  by  the  fact  that  in 
patients  with  thyroid  disease  and  in  animals  deprived  of  the 
organ  the  symptoms  of  myxodojumnniy  be  relieved  or  removed 
hy  adding  raw  thyroid  tissue  to  I: he  footl,  or  by  subcutaneous 
injection  of  the  expressed  juice  of  a  fresh  gland.  When  in- 
jected into  a  healthy  animal  ejtiwict  of  thyroid  causes  i 
diintilUon,  and  a  lowering  of  blood  pressure. 

The  Thymus.  This  is  a  temporary  organ  of  w 
fnnction.  It  hits  its  greatest  size  in  proportion  to  the  whole 
weight  of  the  Body  a  short  time  before  birtli.  After  birth 
it  ijrows  in  absolute  weiirht  for  some  time,  but  then  beirins 
to  dwimlle  aw^ay  and  has  usually  coiiipletely  disappeared  by 
the  twelfth  or  fourteenth  year.  It  lies  in  front  of  the  wind- 
pi  jie  in  the  lower  pint  of  the  neck  and  the  np]>er  part  of  the 
thorax,  and  is  the  **neLdi  *'  8weetl)rcad  of  the  butcher  as  dis- 
tinguished   from   the   true    sweetbread    or   pancreas.       The 
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thymus  eRseiitially  consists  of  adetioid  tissue,  and  is  well  sup- 
plied witli  blood -vessel  &^  and  IvTiipbatics. 

Tho  Pituitary  Body  (Fig.  ?;»)  is  in  fiatL^n  ofl^oot  of  the 
bmiii,  und  probably  thut  portiou  of  it  isJike^iJia^piiiottl  body> 
a  reniiuiiit  of  a  once  finictionally  important  ancestral  organ. 
The  ai»^ui<ioi'  IcrtJ^  of  the  |)ituitary  body,  lunvever,  is  derived 
in  dtt^upmanl  fram'tho  pkwiiyiiix^of  which  it  is  an  embryonic 
ouigrowtb.  This  part  of  it  soniewtiat  reatfoibkfi  the  ijiyruid 
ia^itn^t^tnre.  Complete  removal  of  the  pituitary  body  in  the 
case  of  caU  an*!  dogs  causes  a  lowering  of  temiienttiire,  miis- 
cuhir  twjtchings  and  spasms,  difticnlty  in  bri'atllinJi,^  genenil 
hissitnde,  and  death  witbin  a  fortnight,  Tbei^e  symptoms 
improve  when  extract  of  the  gland  is  injeeted.  The  or^an 
\nis  therefore  been  supposed  to  form  an  internal  secretion  nse- 
ful  in  nmintaining  the  nutrition  of  tbe  nniscnhir  and  nervons 
systems,  Diseiuse  of  the  pituitary  body  ir^  man  has  been  found 
to  be  associated  with  the  curious  condition  named  acromegult/, 
in  which  there  is  hypertrophy  of  the  bones  of  the  limbs  and 
face»  and  of  parts  of  tbe  skin  and  mucous  membranes.  In- 
jection of  the  extract  of  the  gland  cuiisesjn  a  normal  animal, 
a  more  powerful  but  not  quicker  heart  beat,  and  constriction 
of  tfie  arteries. 

The  Suprarenal  Capsules  or  Adrenals  are  a  pair  of 
small  organs,  weighing  t<»g<'iher  nhout  1*2  grarns  (joz*)  placed 
one  on  the  top  of  each  kidney,  'I'hey  have,  however,  no  m%%' 
mate  eunin»»i#ii  mi^k  ib<y  kidneys,  and  in  moay  ftiiimgls  are 
phiced  at  sofiiu  iJ'toEiaiice  from  them.  Each  consists  of  a  denser 
less  colored  external  eortej',  and  a  at*n >f fl!  J nu^i yal lftw4rt>4Mi»ti 
softer  fumLuIln,  Tlie  cortex  is  subdivided  into  chambers  by 
connective  tissue,  and  the  chambers  are  filled  by  closely 
packed,  polyclonal  nncleuted  cells.  Similar  cells  are  found 
in  the  medulla,  which  is,  moreover,  closely  connected  with 
the  sympathetic  system  and  is  richly  supplied  with  nerves. 

It  wjis  noticed  some  fifty  years  ago  by  a  physician  named 
Ad^i^on  that  certain  obscure  ili-iensed  conditions  characterized 
by  great  flebility  an*l  by  the  appearance  of  broTTTcrt  putrhrs 
CMi.tlM^  *kiii,And  leading  to  deatli,  were  found  on  post-mortem 
exam  i  nut  ion  to  be  accompanied  by  disease  of  the  adrenals. 
Tbf  disease  htis  hence  been  named  Addisoifs  disease.  Wlien 
the  suprnrt'md  capsules  are  conqiletely  removed  from  animals 
asimihir  fatal  diseased  condiiion  results,  death  taking  place 
in  warm-blooded  animals  witliin  twg^Qn  ttyreg  days,  and  be- 
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ing  preceded  by  niusciilar  weakness,  ililatal  ion  of  the?  arteries, 
mental  feebleness  aiul  general  prostnitiori.  The  exact  rule 
played  in  the  organism  by  these  small  but  essential  organs  is 
8till-4Hj6ttown»  but  they  form  substances  win uh  have  a  pro- 
fontt4  Mmii  on  the  uar¥ff^  of  the  heirrt  nnt!  blood -vof^sels. 
A  very  minute  portion  of  the  watery  or  alcoholic  extract  of  a 
BU[irareiml  capsule  when  injected  into  avein  of  an  animal  causes 
a  very  slow  heart- beat,  or  even  complete  iiihibilien  of  the 
wirigteB.  If  the  ear444>4ntiii>iU»ry  nerves  have  fifnt  bcoa-ciit^ 
on  the  other  hand,  the  injection  causes  a  great  increase  in 
the  vtt^of  heart- beat  and  a  gmnt  innii>t<MN>  oC  ita  li»>oe,  espe- 
cially that  of  the  anmles.  The  small  ajrtoJtoa  become  gTTOfly 
cwUii^gigd,  and  this  couibinecl  with  the  powerful  heart-beats 
leaiU  to  a  very  gTTgt-tnrrotti»Ql  ifcptioriat  prMinre.  Tiie  arterial 
constriction  is  not  due  to  stimulation  of  the  vaso-constrictor 
centre,  but  to  a  di recti  neiiiMi  on  the  mtmatUiii  iggifytw  of  the 
arteries:  it  is  very  mmwwnt.  The  skeletal  innscles  are  also 
affected,  the  period  of  a  simi)le  nmseular  contraction  being 
greatly  prolotiged,  and  this  effect  lasts  much  longer  than  the 
changes  produced  in  the  organs  of  circulation,  1'be  active 
material  existi^  only  in  the  medulla  of  ihe  adrenal,  is  rftieient 
in  extremely  minute  doses,  is  dialyzable.and  its  efficacy  is  not 
impaired  by  short  boiling. 

It  would  appear  then  that  the  enprarenals  are  constantly 
forming  and  piu^sing  into  the  blood  minute  rpiantities  of  a 
substance  which  is  of  great  im|mrtance  for  the  maintenance 
of  the  "tone"  of  the  muscles,  especially  of  the  catdiac  and 
arterial  nTnicTes.  Wlicther  in  addition  tliey  also  remove 
noxious  substances  from  the  blood,  the  accumulation  of  wdiioh 
after  tlteir  removal  is  one  (muse  of  the  death  which  results,  is 
still  undecided.  The  blood  of  such  animals  acts  iis  a  poison 
to  other  animals,  and  this  Inus  heeif  sujipose  1  to  be  due  to  the 
presence  in  it  of  a  specific  poison  which  the  adrenals  normally 
pick  up  aTul  destroy:  but  it  is  clear  that  the  blocKl  of  an  ani- 
mal dying  from  extensive  malnutrition  produced  in  any  way 
would  be  quite  abnormal,  anc  mfirht  well  be  poisonous  to  other 
animals.  The  same  n'mark  may  be  made  as  to  the  poisonous 
character  of  the  hlooti  of  anijuals  dying  Jis  a  result  of  removal 
of  the  thyroid :  there  is  no  satisfactory  evidence  that  it  is  due 
to  the  accumulation  of  any  one  special  toxic  substance  which 
it  is  a  function  of  the  thyroid  to  remove:  still,  it  maybe* 
The  symptoms  produced  by  its  injection  are  quite  tlifferent 
from  those  produced  by  injection  of  thyroid  extract 
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The  Objec3t  of  Digestion.  Of  the  various  foodsitiffs  Bwal- 
Imw^J,  soaie  ur*?  itJrejidy  in  soliitiou  and  rendj  to  dialyze  at 
ODce  into  the  lymphatics  and  blood-vessels  of  the  alimentary 
catuil;  others,  siich  as  a  liitiip  of  sugar,  though  not  dissolved 
when  put  into  tlie  mouth,  are  readily  aoluhle  in  the  liquids 
found  in  the  alimentary  canal,  and  need  no  further  digestion. 
In  the  case  of  many  most  important  foodstuffsr,  however, 
special  chemical  changes  have  to  be  wrought,  eitljer  with  the 
object  of  converting  insoiiible  bodies  into  soluble,  or 
dialyzable  iuio^^Hilyzuble,  or  both.  The  different  secretiona 
poured  into  tht?  alimentary  tube  act  in  various  ways  upon 
differerU  food stufTi*,  and  at  hi^^tget  them  into  a  state  in  which 
they  can  pu8s  into  the  circulating  medium  and  be  carried  to 
I .  ff-  allrparts  of  the  Hody. 
.' vrf^  ^%[0  Saliva     Tlie  first  solvent  that  the  food 

iM^l^saliva.  wliich,  as  found  in  the  mouth,  is;  a  mixture  of 


meets  with  '-     - 


!5tf^  |nire  saliva,  formed  in  parotid,  submaxilhiry,  and  sublingual         J| 

art'  .glsmds^ith  the  nmeus  secreted  by  small  glands  of  the  buceal,^i,.,^S 

IJIjt!^     *^^  niucoulTfKM  This  mixed  saliva  is  a  colorless,  cloudy,     ~ 

feebly  alkaline  liquid,  **i««*|^**  from  the-tuiuun  ju-esent  in  it, 
and  usually  containing  air-bubbles.  Pure  saliva,  as  obtained 
by  patting  a  line  tube  in  the  duct  of  one  of  the  galivary 
glanils,  is  more  fluid  and  contains  no  imprisotied  air. 

I'snally  but  little  saliva  is  secreted  ;  the  [ircsence  of  food 
in  the  mouth,  ewpeeially  higlily  flavored  or  acid  Jood,  leads 
to  a  more  abundant  flow  :  the  mere  chewing  of  a  tasteless 
inert  substance  will,  however,excite8ome  secretion.  The  secre- 
tion thus  brought  about  is  reflex:  the  afferent  flbres  running 
to  the  brain  in  the  glossopharyngeal  and  lingual  nerves,  and 
exciting  there  the  centre  from  which  the  efferent  secretory 
nerve-libres  for  the  glands  arise.  The  centre  may  be  excited 
in  other  ways:  as  by  nausea,  or  through  the  uerves  of  eye  or 
nose  when  the  siglat  or^mell  of  desirable  food  makes  **the 
mouth  water/'  *    \$j^\  wj^  Jt^aXax    U 
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The  uses  of  the  saliva  are  for  the  most  part  physical  and 
mechanical.  It -keeps  the  mrnrtinribist  and  allows  us  to  speak 
with  comfort;  most  young  orators  know  the  distress  occa- 
sioned by  the  wippraggjon  of  the  salivary  secretion  througli 
ner¥ougaa88.  and  the  inrp«frfCCt"cfHcacy  under  such  circum- 
stances of  the  tradiiionait  glass  of  water  placed  beside  p«^y4e 
spmkers.  The  saliva,  also,  enables  us  to  swallow  dry  food ; 
such  a  thing  as  a  cracker  when  chewed  would  give  rise  merely 
to  a  heap  of  dust,  impossible  to  swallow,  were  not  the  moutli 
cavity  kept  moist.  This  fact  used  to  be  taken  advantage  of 
in  the  fioat  Indwn  lite  uideal  for  the  detet'LiUB*'5r7Jliminft}fci. 
The  guilty  person,  believing  firmly  that  he  cannot  swallow 
the  parched  rice  given  him,  and  fearful  of  detection,  is  apt  to 
have  the  nerve-oontneo  of  his  salivary  glands  inhibited  or 
paralyzed  by  terror,  and  does  actually  become  unable  to  swal- 
low the  rice;  while  in  those  with  clear  consciences  the  nerv- 
ous system  excites  the  usual  reflex  secretion,  and  the  dry 
food  gives  rise  to  no  difficulty  in  its  deglutition.  The  saliva, 
also,  dissolves  such  bodies  as  salt  and  sugar,  when  they  are 
taken  into  the  mouth  in  solid  form,  and  enables  us  to  taste 
them ;  ff  i id issolTed  embstimceB  are  not  taated,  a  fact  which  any 
one  can  verify  for  himself  by  wiping  his  tongue  dry  and 
placing  a  fragment  of  sugar  upon  it.  No  sweetness  will  be 
felt  until  a  little  moisture  has  exuded  and  dissolved  part  of 
the  sugar. 

In  addition  to  such  actions  the  saliva,  however,  exerts  a 
chemical  one  on  an  important  foodstuff.  Stardi  (although 
it  swells  uj)  greatly  in  hot  water)  is  insolubleTana  could  not 
be  absorl^  from  the  alimentary  canal.  The  saliva  contains 
an  enzyme,  7;/?//^////,  which  has  the  power  of  turning  starch 
into  soluble  substances.  Until  recently  the  chief  product  was 
believed  to  be  grape  sugar  (glucose);  but  it  is  now  ascertained 
that  it  is  ma^ose.  belonging  to  the  cane-sugar  chemical  series. 
In  the  small  intestine  the  maltose  is  changed  into  glucose  and 
absorbed ;  so  the  chemical  action  of  pTyatin  upon  starch  is  at 
most  but  a pii  piiiiituu  ^"^^-  ^'^  effecting  the  change  the  ptyalin 
is  not  altered;  a  very  small  amount  of  it  can  convert  a  vast 
amount  of  starch,  and  does  not  seem  to  have  its  activity  im- 
paired in  the  process.  The  starch  is  made  to  combine  with 
the  elements  of  one  or  more  molecules  of  water,  and  the 
ptyalin  is  unchanged. 

This  faculty  of  ptyalin  is  known  as  amylolytic:  and  since 
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it  IB  associated  with  the  taking  up  of  a  niokcule  of  water  is 
A  ftifd/'oli/iic  ariiou,  Ptyalin  18  a  typical  enzyme;  it  differs 
from  rlie  true  fernieiits,  auuti  tis  yeast,  in  thu  fact  that  it  is 
not  a  living  organism,  and  does  not  multiply  during  the  oo- 
currenoo  of  the  change  which  it  sets  up;  its  activity  belongs 
to  tlie  obscure  chemical  category  of  voniact  actiouH. 

Ill  order  that  the  ])tyaHn  may  act  upon  starch  certain 
contliiions  are  essential.  Water  must  be  jjrcsent,  and  the 
liquid  must  be  neutral  or  feebly  alkaline;  acids  retard,  or  if 
stronger^  entirely  stop  the  process.  Tlie  cliange  takes  place 
most  quickly  at  about  the  temperature  of  the  human  Body, 
and  is  gre«tH"«Ai»ckiid 4»y-t^4fi .  B^Hig  the  saliva  di>o4i»yw 
its  pt¥«4in  and  renders  it  quite  incapable  of  converting  starch. 
Cooked  stardi  is  clmnged  mo'-e  rapidk  and  completel}^  than 

raw.  (  if^    \JiJi^Jiru  J^^^^"^^*-*^"^^^  ^^^^  Am  A^ 

SSaliva  has  another  liiportant  but  indirect  inflnenee  in 
promoting  digestion.  Weak  alkalies  stimulate  the  mucous 
membrane  of  the  BtoniacTfinTtf^rTruso  it  to  pour  forth  more 
gaatric  juice.  Hence  the  efticucy  of  a  little  carbonate  of  soda, 
taken  before  meal  is,  in  some  forms  of  dyspepsia.  The  saliva 
by  its  alkaliTiity  exerts  such  an  action ;  and  this  is  one  reason 
why  food  sliould  be  well  chewed  before  being  swallowed ;  for 
then  its  taste,  and  the  movements  of  the  jaws,  cause  the 
secretion  of  more  saliva. 

Deglutition,     A  mouthful  of  solid  food  is  broken  up  by 
the  teeth,  and  rolled  about  the  mouth  by  the  tongue,  until  it 
is  tiioronghly  mixed  with  saliva  and  made  into  a  soft  pasty 
mass.     The   muscles  of  the  ohf-^^k*  keep  thin   from  getting 
Iwtwttflii   them  and  the  gums;  persons  with   faulal  paralysis 
have,  from  time  to  time,  to  press  out  with  the  finger  food 
which  has  collected  outside  the  gums,  where  it  can  neither  be 
chewed  nor  swallowed.     The  mass  is  finally  sent  on  from  the 
mouth  to  the  stomach  by  the  process  of  detjluiition,  which  is  Q\^ 
described  as  occurring  in  three  stages.     The  fi^rst_stage  in-   CX^''^^  A* 
eludes  the  passage  from  the  mouth  into  the  fiharyux.     The   ^ 
food   being  collected   into  a  heap  on  the  toTjgiie,  the  tip  of       ^ 
that  organ  is  placed  against  the  front  of  the  hard  palate,  and  (  V^ 
then  the  rest  of  the  tongae  is  raised  from  before 
to  press  the  food  nuiRs  hetween  it  arid  the  palate, 
back  through  the  fauces.     This  portion  of  the  act  of  swallow- 
ing is  voluntary,  or  at  least  is  under  the  control  of  the  will, 
although  it  commonly  takes  }*hice  unconsciously.     The  second 
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stage  of  deglutition  is  that  in  which  the  food  pasBea  through  A>''"^-i^2M 
Ij^  1^      tht^  pliurynx;  it  \%  the  most  rapid  part  of  its  progress,  since  L    -jI|JB 

Mthe  pharynx  has  to  be  emptied  quickly  so  as  to  clear  the  T  " 
opening  of  the  air-passages  for  breathing  purposes.  The  <**'*^J*^  H 
food  mass,  paoweg  bsek  nvpr  thi^nH¥f  itf  tlte  tongne,  piiehes  ' 
r.4-^^^  down  the  •pigloUis;  at  the  same  time  the-kryirt  (or  voice- 
box  ut  the  top  of  the  windpipe)  is  puioodi  io  us  Ui  metjt  it> 
and  thtis  the  passage  to  tlie  Innga  is  closed  ;  muscles  arunnd 
the  uperttire  probably  also  contract  and  narrow  the  opening, 

^TIle  raising  of  the  larynx  cuu  k*  readily  felt  by  phicing  the 
tiuger  on  the  large  cartilage  forming  "  Adam's  apple"  in  the 
neck,  and  then  swallowing  something,  The^<c>ft  pulnlc  is  at 
the  same  time  fjtwed  and  stretched  honasoHt^lU^^across  the 
pharynx,  thtis  cutting  ot!  comnmutcution  with  it^  it|*per,  or 
re#f*i«itQj:^  portion,  leading  to  the  nostrils  and  Eustachian 
tubes.  Finally,  the  istktiH^^f  yie-fatnrfrs  is  &!««(! d  as  soon  as 
the  food  has  passed  through,  by  the  coutraetiou  of  the  nms- 
cles  on  its  sides  and  the  elevation  of  the  root  of  the  tongue. 
All  piiiiitipi  ^r^  '^^  Mif  phurint  pt---]-^  the  ^m^t  are  thus 
"Tfloi df^ ♦  and  when  the  pharyngeal  muscles  contract  the  food 
can  be  squeezed  only  into  the  opsojdmgus.  The  mnscular 
movements  concerned  in  this  part  of  deglutition  are  all  re- 
flexly  excited;  food  coming  in  contact  with  the  mucous  mem- 
brane of  the  pharynx  fitimulatcs  afferent  nerve-iibres  in  it; 
these  excite  the  m^Ui^  uf  d£iUulifion  which  Is  placed  in  the 
m^du  I  hi  fi  Ifio  n  ga  i  a ,  and  from  it  efferent  nerve-fibres  proceed 
to  the  nniscles  concerned  and  (nnder  the  co-ordinating  intlu- 
ence  of  the  centre)  cause  them  to  contnict  in  proper  sequence. 
The  pharyngeal  muscles,  although  of  the  striped  variety,  are 
but  little  nnder  the  control  of  the  will;  it  is  extremely  diffi- 
cult to  go  throngh  the  movements  of  b wallowing  without 
»  something  (if  only  a  little  saliva)  to  swallow  and  thus  excite 

the  movements  reflexly.  Many  persons,  after  having  got  the 
mouth  completely  empty  cannot  perform  tlie  movements  of 
the  second  stage  of  deglutition  at  till.  On  account  of  the  re- 
flex nature  of  the  contractions  of  the  pharynx,  any  food  wdncli 
has  once  entered  it  must  be  swallowed :  the  isthmus  of  the 
fauces  is  a  sort  of  Kubicon;  food  that  hiL«5  passed  it  mnat 
continue  its  conrse  to  the  stornadu  altliough  the  swallower 
learnt  irnniediately  that  he  wa^  taking  poison.  The  third 
stage  of  deglnlition  is  that  in  which  the  food  is  jiassing  along 
the  gullet,  and  is  comparativelv-filow.     Even  liquid  substances 
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by  jugglers;  tlie  unlookerfi  forget  tluU  the  ^rrflft'rTniig  is  tlone 
every. dity  b}Si0rB«»,  and  oilier  uriimuls,  which  drink  with  the 
plmryiigeul  end  of  the  gullet  lower  than  the  stornjielh     Tlie 
tuovements  of  the  cesojdiagiig  are  of  the  kind  known  as  ver- 
ntindttr  or  pmn^frtn^Ht^     Its  circular  iiniscular  filirus  cotitract 
behind  the  morsel  and  narrow  tlie  jia^^sage  there;  ami  the  con- 
stricLion  then  travels  along  to  the  stonjach,  pushing  the  food 
in  front  of  it.     Simultaneously  the  longitudinal  fibres,  at  the 
poiiji  where  the  food-inuss  is  at  any  moment  and  immeduitely 
in  front  of  that,  contracting,  shorten  and  whien  the  passage. 
The  Gtastric  Juice. — The  food  having  entered  the  stom* 
acli  is  subjected  to  the  action  of  the  gastric  juice,  which  is  a 
thin,  colorless  or  pale  yellow  liquid,  of  a  strongly  acid  reac- 
tion.    It  contains  as  specific  ek'inents  free  hmirurhloriv  avid 
(about  .2  per  cent),  and  an  enzyme  ealW  pepsin  w^hich,  in 
acid  lif|uids,  hag  the  power  of  converting  the  ordinary  iion- 
dialyzalde  proteids  which  w^e  eut,  into  cloi^ely  allied  bodies, 
some  of  whicli  are  fiialyzable  and  named  pe/f/onm.     It  also 
dis^iolves   solid    proteids,  changing   them   similarly.     Dilute 
ackls  will  by  themselves  prod  nee  the  same   changes  in  the 
course  of  several  days,  but  in  the  presence  of  pepBin  and  at 
the  temperature  of   the    Body  the   conversiini    is   far   nnire 
ra|>id.     In  neutral  or  alkaline  metlia  the  j>epsin   is  inactive; 
and  cold  cheeks  its  activilv.     Hi^iline^  destroys  it.     In  addi-     "^ 
tion  to  pepsin,  gastric  jnice  contairiS  anotlier  enzyme  {reuniu)      k 
which  coagulates   the  caseinogen  of   milk,  as  illustrated   by     v 
l  he  use  of  **  rennet,"  prepareil  from  the   mucous  membrane^,  j 
of  the  calf's  digestive  stomach,  in  cheese-making.     The  acid  *^    J 
of  the  natural  gastric  juice  would,  it  is  true,  precipitate  the^f^   J     ^ 
i'sisein,  but  such  precipitate  is  quite  different  from  the  true*^  "*'     ^, 
tyrein,  and    neutralized  gastric  juice  still  possesses  ihii^  power  ;-<^    4 
moreover,  boiled  gastric  juice  loses  the  milk-clotting  proj^erty,-^*     7? 
and  a  very  little  normal  juice  can  coagulate  a  great  quantity-iiL— ^'^  "j 
of  milk.     The  curdled  condition  of  the  milk  regurgitated  by*^  ^    '-^*- 
infants  is,  therefore,  not  any  m%n  of  a  disordered  state  of  the  cQ  ^  - 
^^^        stomach,  as  nuriea  commonly  suppose.     It  is  proper  for  mil K  ■ 
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to  undergo  this  change,  before  the  pepsin  and  acid  of  the 
gastric  juice  digest  it. 

The  most  important  change  effected  by  the  gastric  juice 
is  that  of  the  proteids.  This  may  be  studied  either  on  natu- 
ral juice  obtained  from  the  stomach  of  an  animal  through  an 
opening  (gastric  fistula)  or  on  an  artificial  juice  prepared  by 
extracting  the  mucous  membrane  of  a  fresh  stomach  with 
glycerine,  and  adding  a  large  quantity  of  dilute  (0:i<j^)  hydro- 
chloric acid.  If  blood-fibrin  or  boiled  white  of  egg  be  placed 
in  such  a  mixture  and  kept  at  a  temperature  of  about  38°  C. 
(100°  F.)  these  bodies  swell,  become  transparent,  and  soon 
dissolve;  and  all  other  solid  proteids  undergo  similar  changes. 
If  the  solution  be  now  neutralized  a  small  white  precipitate 
of  parapeptone  (which  is  probably  only  ordinary  acid  albu- 
min) is  obtained.  The  filtrate  from  this  gives  no  precipitate 
on  boiling,  but  an  abundant  one  of  albumose  on  the  addition 
of  ammonium  sulphate.  The  filtrate  from  this  precipitate 
yields  an  abundant  precipitate  of  peptone  when  alcohol  is 
added.  Peptone  is  dialyzable,  though  not  so  easily  as  saline 
bodies,  and  in  this  differs  from  albumose  and  parapeptone 
and  all  other  proteids.  The  parapeptone  is  probably  a  bye- 
product  due  to  the  action  of  the  acid  of  the  juice  alone:  the 
albumose  and  peptone  are  true  products  of  peptic  digestion  of 
proteids,  due  to  their  breaking  up  with  concomitant  hy- 
dration, the  peptone  being  the  more  finished  or  complete 
digestive  product.  If  instead  of  solid  proteids  we  use  solu- 
tion of  white  of  Qgg  or  of  serum  albumin,  the  earlier  sta^^es  of 
the  process  cannot  be  followed  by  the  eye,  but  the  fiiuil  prod- 
ucts are  the  same:  the  original  proteid  disappears,  giving 
origin  to  some  parapeptone,  to  albumose,  and  to  peptone;  aiid 
prolonged  artificial  peptic  digestion  causes  no  further  breaking 
up  of  the  albumose  or  peptone.  Peptone  is  very  soluble  in 
water,  and  its  solutions  are  not  coagulated  by  boiling.  A 
very  small  amount  of  pepsin  can,  if  some  acid  be  added  from 
time  to  time,  convert  a  very  larg§  amount  of  proteid:  it  is  de- 
stroyed by  boiling. 

Gastric  Digestion.  The  process  of  swallowing  is  contin- 
uous, but  in  the  stomach  the  onward  progress  of  the  food  is 
stayed  for  some  time.  The  pyloric  sphincter,  remaining  con- 
tracted, closes  the  aperture  leading  into  the  intestine,  and  the 
irregularly  disposed  muscular  layers  of  Xh^  stomach  keep  its 
semi-liquid  contents  in  constant  movement,  maintaining  a 
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sort  of  churning  by  which  all  portions  are  brought  into  con- 
tact with  the  rnucons  nienibrune,  aiul  thoroughly  mixed  with 
tlie  secretion  of  its  glands.  J'he  gekiCili-Tieiti i ii g  coutteet-ive 
t46*H4ajjf  meats  is  tn?»«>l¥ed  away,  tin d  tlie  [mir flit] -containing 
tibrts,  left  loose,  are  dissolved  and  cfianged.  Thii  alCtTmiuons 
^Kj^b  ui  the  f«i^^ls  are  dissolved  and  iheir  oily  contents  set 
free:  but  the  gastric  juice  doea  not  act  upon  the  hitter.  Cer- 
tain niincnd  salts  (iifi  phosphate  of  lime,  of  which  there  ia 
always  some  in  bread)  which  arc  irjsninbic  in  water  but  solu- 
ble in  dihUe  acids,  are  also  dissolved  in  the  stomach.  On 
the  other  hand,  the  gastric  juice  litis  itself  no  action  upon 
starch,  and  since  ptyalin  does  not  act  at  all,  or  only  imper- 
fectly, in  liu  ucid  mciHum,  the  activity  of  the  tiiTtfrii  in  con- 
verting starch  is  sfuj^d  in  the  stomach.  By  the  solution  of 
the  white  tihroua  connective  tissue,  that  disullUginlion  of  jini^ 
mal  foods  commonced  by  the  teeth,  is  carried  much  farther 
in  the  stomach,  and  the  food-mass,  mixed  with  much  gastric 
secretion,  becomes  reduced  to  the  consistency  of  a  thick  soup, 
nsually  of  a  grayish  color.  In  this  state  it  is  called  cJimm, 
Chyme  contains,  after  an  ordinary  meal,  »nueh  peptone,  thoiiglT 
some  of  til  is  has  been  alreadv  dialyzed  into  the  gastric  mucous 
membrane  and  carried  oif  along  with  other  dissolved  dialyz- 
able  bodies,  such  as  salts  and  sugar.  The  ntimifwwe,  fats,  and 
»ta:ch  still  remain  in  the  chyme.  After  the  food  has  re- 
mained in  the  stomach  some  time  (one  and  ^  Jmlf- 44>  two 
bonri*)  the  chyme  begging  to  be  pa^^sed  on  into  the  intestine 
in  successive  portions.  The  pyloric  sphincter  relaxes  at  in- 
tervals, and  the  rest  of  the  stomach,  contracting  at  the  same 
moment,  iffl^s  a  qnantity  of  chyme  into  the  duodenum; 
this  is  reptm^Hd  frefpreutly,  the  larger  undigested  fragments 
being  at  first  unable  to  pass  the  orifice.  At  the  end  of  about 
ura  after  a  meal  the  stomach  is  again  quite 
the  pyloric  spliincter  finally  relaxing  to  a  greater 
extent  and  allowing  any  larger  indigestible  masses,  which  the 
gastric  juice  cannot  break  down,  to  be  driven  into  the  in- 
testine. 

The  Chyle,  When  the  chyme  ] hisses  into  the  duodenum 
it  finds  preparation  made  for  it.  The  pancreas  is  in  reflex 
connection  with  the  stomach,  and  iti  nerves  cause  it  to  com- 
mence secreting  ag  soon  as  food  enters  the  hitter;  bence  a 
qnantity  of  its  secretion  is  already  accumulated  in  the  intes- 
tine when  food  enters.     The  gall-bladder  is  distended  with 
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bile,  secreted   since  the  last  meal;  this  passing  down   the 

.  vbepatic  duct  has  been  turned  back  up  the  cystic  duct  (Dcy 
Fig.  IJOI  on  account  of  the  closure  of  the  common  bile-duct. 
The  nrH  rhTiiii\  frtinniUtin^'  nrrvr  rnfiin^^  in  the  duodenal 
mucouH  membrane,  Ciiuses  reflex  co»ti:acLion  of  the  muscular 
coat  of  the  gali  blufider,  and  a  r^kncafTon  of  the  oritice  of  the 

y.  common  bila-dvet;  and  so  a  gush  of  bile  is  poured  out  on  the 
chyme.     From  this  time  on,  both  liver  and  pancreas  continue 

wv.  secreting  actively  for  some  hours,  and  pour  their  products 

into  the  intestine.     The  glands  of  Brunner  and  the  crypts 

.•^   of  Liel)erkuhn  are  also  set  at  work,  but  concerning:  their 

.    physiology  we  know  very  little.     All  of  these  secretions  are 

'  alkaline,  and   they  suffice  very  soon  to  more  than  neutralize 

the  acidity  of  the  gastric  juice,  and  to  convert  the  mid  tikpua^ 

v^  into  aTkaUoe  dytfle^  which,  after  an  ordinary  meal,  will  con- 
tain a  great  variety  of  things:  mucus  derived  from  the  ali- 
mentary canal;  ^^ytri in  from  the  saliva;  pepsin  from  the 
stomach;  waieff,  partly  swallowed  and  partly  derived  from 
the  salivary  and  other  secretions;  the  peculiar  constituents  of 
the  ^ile^and  paiMKfltic  juice  and  of  the  intestinal  .8eei*etions; 
some  undigested  pn)i^s;  unchanged  sJAi^h;  oAf  from  the 
fats  eaten;  peptenes  formed  in  the  stomach  but  not  yet  ab- 
sorbed; aljiiwftose;  parap4^}>tone ;  possibly  salines  and  sugar 
which  have  also  escaped  absorption  in  the  stomach;  and  i>- 
digestiTjle  substances  taken  with  the  food. 

The  Pancreatic  Secretion  is  clear,  watery,  alkaline,  and 
much  like  saliva  in  appearance.  The  (lernians  call  the  pan- 
creas the  '*  abdominal  salivary  gland.''  In  digestive  prop- 
erties, however,  the  pancreatic  secretion  is  far  more  impor- 
tant than  the  saliva,  or  even  the  gjistric  juice.  Starch 
it  changes  as  the  saliva  does,  but  converts  it  into  maltose 
more  quickly  :  and  it  acts  also  on  proteids  and  fats.  It 
is  by  far  the  most  important  of  all  the  digestive  secretions. 
All  proteids  not  already  converted  into  peptone  or  albumose 
are  acted  upon  by  the  jmncreatic  juice  even  more  ener- 
getically than  in  the  stomach,  being  not  only  converted  into 
peptone,  but  in  part  further  broken  up,  if  the  digestion  (arti- 
ficial) be  prolonged,  and  converted  into  crystallizable  nitrog- 
enous bodies  which,  urjike  peptone,  retain  no  proteid-liko 
characters:  the  chief  of  these  are  leucifi  and  lyrosin,  the 
former  allied  chemically  to  the  fatty  acids,  the  other  to  bodies 
of  the  aromatic  series.    In  normal  digestion,  however,  it  is 
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jvrobable  that  but  little  of  the  proteid  is  broken  up  beyondf  'u^.,  /,- 
the  jH*ptone  stage,  and  all  of  it  never   is;    iiu   albumoso  is 
formeil  sls  iiii  iiUenuediiite  produut.    The  enzyme  concerned  is 
irifpsin  ;  it  is  neltve  only  iti  an  ulkiilinc  or  neiitrnl  ineLHiim,  Cm»*^|^,  j, 
and  before  dissolving  solid  proteids  does  not  cunse  them  t**^^^--^ 
swell  atu!  become  tninspurent  v^  pepsin  doew.     Like  the  other       * ^^-^M . 
digestive  fernierds,  it  u  most  active  nt  alxnit  the  tenii»enitnre 
of  the  Body,  and   is  destroyed  by  boiling.     {}n  fatis  the  pan- 
creatic secretion  has  h  donble  action.     To  a  certain  extent  it 
breaks  them  up,  with  livit ration^  into  free  fatty  acids  and 
gly  ce  ri  n ;  f oi'  example — 

^'^^  \  0.  +  3U,0  =  if ..«»;;  j.  O)  +  ^•{J;  j.  0.. 

1  ttti*4irin       4-       %  Water  =         3  Stearic  acid    -r         I  Glycrriiie. 

Tlie  fatty  acid  then  coniliiiwrs  with  nonie  of  tl»e  alkali  present; 
to  make  a  mafii^\nv}\  being  soluble  in  water  is  capable  of 
absorption.  Glycerin,  also,  is  solnhle  in  water  and  dfalyz- 
able.  The  greater  part  of  the  fat;?  are  not,  however,  so  broken 
up,  but  are  simply  nieoJTanically  separated  itito  droiilet?. 
which  remain  suspended  in  the  chyle  and  give  it  a  whitish 
color,  just  as  the  cream^drops  aro  snspcnded  in  milk,  or  the 
oltve-oil  in  niayonrniise  snnce.  This  is  etfected  by  tlic  help  of 
a  qnatitity  of  albnniin  which  exists  tlissolved  in  the  j)anoreatic 
secretion.  In  the  stomach*  the  aninial  fats  eaten  have  lost 
their  cell -walls,  atnl  have  become  melted  by  the  temperature 
to  which  tlioy  were  exposal.  Hence  their  oily  part  floats  free 
in  the  cbynje  when  it  enters  the  dnodennin.  If  oil  be  shaken 
up  with  water,  the  two  cannot  be  got  to  mix;  immediately 
the  shaking  ceases,  the  oil  floats  up  to  the  top;  but  if  some 
raw  Qgg  be  added,  a  creamy  mixture  is  readily  formed,  in 
which  the  oil  renmina  for  a  lotig  tirno  evenly  suspemled  in 
the  watery  inenstrnem.  The  reason  of  this  is  that  each  *tH»" 
di*ftplet  becomes  swrprmuiled  by  a  delicate  pellicle  of  afbumiU; 
and  is  thus  prevented  frotn  fnsiiig  with  its  neighbors  to  make 
large  drops,  which  would  soon  float  to  the  top,  Sneli  a  mix- 
ture is  called  an  efmUaion,  and  the  albumin  of  the  pancreatic 
secretion  emulsifies  the  oils  in  the  chyle^  which  becomes 
white  (for  the  same  reason  jis  milk  is  that  color)  becanse  the 
inn  u  mora  hie  tiny  oil -drops  floating  in  it  reflect  all  the  light 
which  falls  on  its  surface- 
in   brief,  the  pancreatic  secretion   conyerts  starch   into 
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maltose  ;  dissolves  proteids  (if  necessarv)  and  converts  tliem 
into  peptones;  emulsifies  fats,  and,  to  a  certain  extent,  breaks 
them  up  into  glycerin  and  fatty  acids;  the  latter  are  then 
saponified  by  the  alkalies  present. 

The  Bile. — Human  bile  when  quite  fp»li  is  a  gulden 
InruMft^ liquid;  it  becomes  green  when  kept.  As  formed  in 
the  liver  it  contains  hardly  any  mucin,  but  if  it  make  any 
stay  in  the  gall-bladder  it  acquires  much  from  the  lining  mem- 
brane of  that  bag,  and  becomes  slimy  and  "  ropy.'*  It  is 
alkaline  in  reaction  and,  besides  coloring  matters  (the  more 
important  of  which,  bilirubin,  is  probably  a  waste  product 
derived  from  haemoglobin),  contains  mineral  salts  and  water, 
and  the  sodium  salts  of  two  nitrogenized  acids,  tauvocholic 
and  glychocholicy  the  former  predominating  in  human  bile. 

Pettenkofer^s  Bile  Test.  If  a  small  fragment  of  cane 
sugar  be  added  to  some  bile,  and  then  a  large  quantity  of  strong 
sulphuric  acid,  a  brilliant  purple  color  is  developed,  by  cer- 
tain products  of  the  decomposition  of  the  bile  acids;  the 
physician  can  by  this  test,  in  disease,  detect  their  pi-esence  in 
the  urine  or  other  secretions  of  the  Body.  Gmelin's  Bile 
Test.  The  bile-coloring  matters,  treated  with  yellow  nitric 
acid,  go  through  a  series  of  oxidations,  accompanied  with 
changes  of  color  from  yellow-brown  to  green,  then  to  blue, 
violet,  purple,  red,  and  dirty  yellow. 

Bile  hivs  no  digestive  action  upon  starch  or  proteids.  It 
does  not  break  up  fats,  but  to  a  limited  extent  emulsifies 
them,  though  far  less  perfectly  than  the  pancreatic  secretion. 
It  is  even  doubtful  whether  this  action  is  exerted  in  the  in- 
testines at  all.  In  many  animals,  as  in  man,  the  bile  and 
pancreatic  ducts  open  together  into  the  duodenum,  so  that, 
on  killing  a  dog  during  digestion  and  finding  emulsified  fats 
in  the  chyle,  it  is  impossible  to  say  whether  or  no  the  bile 
had  a  share  in  the  process.  In  the  rabbit,  however,  the  pan- 
creatic duct  opens  into  the  intestine  about  a  foot  farther 
from  the  stomach  than  the  bile-duet,  and  it  is  found  that  if  a 
rabbit  be  killed  after  being  fed  with  oil,  no  milky  chyle  is 
found  down  to  the  point  where  the  pancreatic  duct  ojhmis. 
In  this  animal,  therefore,  the  bile  alone  does  not  emulsify 
fats,  and,  since  the  bile  is  pretty  much  the  same  in  it  and 
other  mammals,  it  probably  does  not  ennilsify  fats  in  them 
either.  From  the  inertness  of  bile  with  respect  to  most  food- 
stuffs it  has  been  doubted  whether  it  be  of  anv  difl^estive  use  at 
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all,  SDd  wliether  it  should  not  be  res^arded  merely  as  an  exrre- 
tion,  poured  into  the  aliiiientafy  t-aiial  to  be  got  rid  of.  But 
there  are  many  reasons  against  such  a  view,  Jii  the  first  phice^ 
the  entry  of  the  bile  into  the  upper  end  of  tlie  small  intestine 
where  it  lias  to  traverse  a  course  of  more  ihun  twenty  feet 
before  getting  out  of  the  Body,  instead  of  its  being  sent  into 
the  rectum,  close  to  the  final  opening  of  tlie  alimentary  canal, 
makes  it  probable  that  it  has  some  function  to  fill  ill  in  the 
intestine.  Moreover,  a  ^TTTit  pnit  of  tfie  bft^vinoluding  prac- 
tically all  the  htt©'  salte,  poured  into  the  intestines  is  again 
abee^bad  from  them  ;  this  seems  to  show  that  part  of  the  bile 
is  secreted  for  some  other  purpose  tlian  mere  elimination 
from  the  Body.  One  snbsidiary  use  is  to  assist,  by  its  nUm^ 
linity,  in  overcoming  the  acidity  of  the  chyme,  and  so  to 
allow  the  trypsin  of  the  pancreatic  secretion  to  ant  upon  pro- 
teidtJ.  Oonsti}jation  is,  uUo,  apt  to  occur  in  cases  where  the 
bile-duct  is  temporarily  stopped»so  that  bile  probably  helps  to 
esoiy^  the  coniciiclions  of  the  muscular  coats  of  the  intestine; 
under  similar  circiilhstauces  jitrtr^XnGJive  deconjpoFitions  are 
apt  to  occur  in  the  intestinal  contents.  Ajmrt  from  such  sec- 
ondary  influencesjiowever,  the  bile  probably  huis  some  influence 
in  p^wiintltig  t,i]o  nl^anrptirm  iif  fflfra  Jf  Que  end  of  a  capillary 
glass  t\ibe,  moistened  with  water,  he  dipped  in  oil,  the  latter  will 
not  ascend  in  it,  or  but  a  slmrt  way;  but  if  the  lube  be  moist- 
ened with  bile,  instead  of  water,  the  oil  will  ascend  higher  in 
it,  80,  too,  oil  passes  through  a  plug  of  porous  clay  kept  moist 
with  bile,  under  a  much  lower  pressure  than  through  one  wet 
with  water.  Hence  bile,  by  soaking  the  epithelial  cells  lining 
the  intestine,  may  facilitate  the  fmssage  into  the  villi  of  oily 
Bnbstsnces.  At  any  rate,  (^^(f»eri merit  shows  that  if  the  bile 
be  prevented  from  entering  the  intestine  of  a  6^,  the  animal 
eats  an  enormous  amount  of  food  compared  with  that 
amount  wiiich  it  needed  previously;  and  that  of  this  food  a 
great  projjnrtiiin  of  the  fatty  parts  passes  out  of  the  alimen- 
tary catial  uifab^bed.  There  is  no  doubt,  therefore,  that 
the  bile  somehow  aids  in  the  absorption  of  fats,  but  exactly 
how  is  uncertain.  Its  possible  action  in  exciting  the  mutfcles 
of  the  villi  to  contract  will  be  referred  to  presently. 

The  Intestitial  Secretions  or  Succms  Entericus.  These 
consist  of  (he  secretions  of  the  glands  of  Brunner  and  the 
crypts  of  Lieberkiihn.  It  isditlicull  to  obtain  them  pure;  in- 
deed the  product  of  Hrunner'a  glands  has  never  been  obtained 
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unmixed.  That  of  the  crypts  of  Lieberkuhn  is  watery  and 
alkaline,  and  poured  out  more  abundantly  during  digestion 
than  at  other  times.  It  has  no  special  action  on  starches, 
most  proteids,  or  on  fats;  but  is  said  to  dissolve  blood  tibrin 
and  convert  it  into  peptone,  and  it  changes  maltose  into 
grape  sugar;  so  that  this  cane  sugar  is  turned  into  a  grape 
sugar  before  being  absorbed.  Miu^us  is  also  fdfm^d  and 
poured  out  abundantly  by  the  epithelium  cells  of  the  intes- 
tinal lining  membrane.  It  is  more  especially  secreted  during 
fiisting,  and  by  its  8ti6kih^S8  UUllUUtS  di^biis  and  keei)s  the 
mucous  membrane  ^^n. 
M\  Intestinal  Digestion.  Having  considered  separately  the 
actions  of  the  secretions  which  the  food  meets  with  in  the 
small  intestine  we  may  now  consider  their  combined  effeot. 

The  neutralization  of  the  chyme,  followed  by  its  conver- 
sion into  alkaline  chyle,  will  prevent  any  further  action  of 
the  pepsin  on  proteids,  but  will  allow  the  ptyalin  of  the 
saliva  (the  activity  of  which  was  stopped  by  the  acidity  of  the 
gastric  juice)  to  recommence  its  action  upon  starch.  More- 
over, in  the  stomach  there  is  produced,  alongside  of  the  albu- 
mose  and  true  })optonc,  the  parapeptone,  which  agrees  very 
closely  with  syntonin  in  its  proj)erties,  and  this  passes  into 
the  duodenum  in  the  chyme.  As  soon  as  the  bile  meets 
the  chyme  it  precipitates  the  parapeptone,  and  this  carries 
down  with  it  any  j)eptones  which,  having  escaped  absorption 
in  the  stomach,  may  be  present;  it  also  preiripitates  the  jK»p- 
sin.  In  consequence,  one  tinds  in  an  animal  killed  during 
digestion,  a  granular  preci])itate  over  the  villi,  and  in  the 
folds  between  the  valvulaj  conniventes  of  the  duodenum. 
This  is  redissolved  by  the  pancreatic  secretion,  which  also 
changes  into  peptone  the  j)roteids  (usually  a  considerable  pro- 
portion of  those  eaten  at  a  meal)  which  have  jmssed  through 
the  stomach  unchanged,  or  as  albumose  or  parapeptone.  'I'he 
conversion  of  starch  into  maltose  will  go  on  very  rapidly  under 
the  influence  of  the  pancreatic  secretion.  Fats  will  be  s})lit 
up  and  saponified  to  a  certain  extent,  but  a  far  larger  pro- 
portion will  be  emulsified  and  give  the  chyle  a  whitish  appear- 
ance. Later  cane  sugar,  which  may  have  escaped  absorption  in 
the  stomach,  aiid  maltose  will  be  converted  into  grape  sugar 
and  absorbed,  along  with  such  siilines  as  may,  also,  have  hith- 
erto escaped.     Elastic  tissue  from  animal  substances  eaten. 
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cellulose  from  plants,  and  mucin  from  the  secretions  of  the 
aliintintiiry  tniet,  will  all  renmin  unchanged. 

Absorption  from  tho  Small  Intestine.  I'he  chyme  leav- 
ing the  tjtonmrh  is  a  ^enii-ljquid  niu.ss  whiclu  oiixud  in  the 
dnodenuni  with  considemblu  qnantitii:*s  of  panrreiitic  secre- 
tioii  and  bile,  is  further  diluted.  Thenceforth  it  gets  the 
intestinal  ^et^retion  added  to  it,  but  the  absorption  more 
than  cotinterbalanein^  the  addition  of  liquid,  the  food- 
mass  becomes  more  and  more  solid  as  it  Jipproaehes  tlie  ileo- 
colic vulve.  At  the  same  time  it  bet^omes  poorer  in  nutritive 
constituents,  those  being  gradually  removed  from  it  in  ita 
progress;  most  dialyxe  thrtmgh  tlie  epitlieliiim  into  the  sub- 
jacutit  blood  antl  lymphalic  vessels,  and  are  carried  off. 
Those  passing  into  the  blood  capillaries  are  taken  by  the  por- 
tal vein  to  the  liver;  wliile  tliose  entering  the  lacteals  are 
carried  into  the  left  jnguhir  vein  by  the  tlioracic  duet.  As 
to  which  foodstulfs  go  one  road  and  wljich  the  other,  there  is 
still  much  doubt;  sugars  probably  go  by  the  portal  system, 
while  the  fats,  mainly,  if  not  entirely,  go  through  the  laeteals. 
How  the  fats  are  absorbed  is  not  clear,  since  oils  will  not  dia- 
lyze  through  meuj branch,  such  iis  that  lining  the  intestine, 
moistened  with  watery  liquids.  Most  of  them,  nevertheless, 
get  into  the  laeteals  as  oils  and  not  as  soluble  soaps;  for  one 
timls  these  vessels,  in  a  digesting  aninud,  filled  with  white 
milky  rbyle;  while  at  other  periods  their  contents  are  watery 
and  colorless  like  the  lynipli  elsewhere  in  the  Body.  The 
little  fat-drops  of  tlie  emulsion  formed  in  the  intestine,  go 
through  the  epithelial  cells  and  not  1>etween  them,  for  during 
digestion  these  cells  are  loaded  with  oil-droplets;  an  their 
free  ends  are  striated  and  probably  devoid  of  any  definite 
cell-wall,  it  is  possible  that  the  intestinal  movements  squeeze 
oil-drops  into  them,  but  the  cells  may  play  a  more  active  part. 
The  striation  of  the  lionler  is  due  to  elosely-set  rods  which 
are  known  to  be  able  to  change  their  form,  and  it  is  possible 
that  they  actively  seize  oil-droplets  and  other  minute  solid 
food  particles.  The  cell  passes  the  fat  to  its  deeper  end 
and,  thence,  out  into  the  subjacent  lymphoid  tissue.  It  ia 
probable  that  here  certain  amceboid  cells  of  the  adenoid 
tissue  pick  it  up,  and  carry  it  into  the  central  lacteal  of  n  villus, 
where  they  break  up  and  set  it  free.  In  the  villus  there  are 
all  the  anatomical  arrangements  for  a  mechanism  which  shall 
actively   suck    substances   into  it.      Each   is   more    or  less 
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ftlaatb.  and  moreover,  its  capillary  network  when  filled  with 
blood  will  diiiteiid  it.  If  ita  plwtr-ranscninr  lajer  fontniets 
and  coDipresses  it,  causing  its  central  lacteal  to  empty  into 
vessels  lying  deeper  in  the  intestinid  wall,  llie  villus  will 
actively  expand  again  so  soon  as  its  nniscles  relax.  In  go 
doing  it  cannot  till  its  lacteal s  from  the  deeper  vessels  on 
account  of  the  valves  in  the  latter,  and,  accordingly,  must 
tend  to  draw  into  it:self  inuterials  from  the  intestines;  much 
like  a  H^pmt^  rc-cxpanding  in  water,  after  having  been 
squeezed  dry.  The  liquid  thus  giicked  up  may  draw  oil-drops 
with  it,  into  the  free  ends  of  the  cells  and  between  them  ;  and 
by  repetitions  of  the  process  it  is  possible  that  considerable 
quantities  of  liquid,  with  suspended  oil-droivs,  might  be  car- 
ried into  the  epithelial  cells  covering  a  villus.  The^bite^ 
moistening  the  surface  of  the  vilhis  may  facilitate  the  passage 
of  oil,  and  it  is  also  said  to  sliuw^ltrtt?  the  oc^jtrmrtions  uf  the 
rtWi-;  if  so,  its  etiicacy  in  promoting  the  absorption  of  fats 
will  be  explained,  in  spite  of  its  chemical  inertness  with  re- 
spect to  those  bodies.  There  is  also  reason  to  believe  that  a 
good  deal  of  the  emulsified  fat  is  also  directly  picked  up  by 
amoeboid  corpuscles,  which  jnish  their  way  between  the 
epithelial  cells  and  thrusting  processes  into  the  intestine,  pick 
up  uil-«lro}>lete,  and  then  travel  back  and  convey  their  load 
to  the  lacteal.  ^ 

The  path  takni  hy  pcptnnri  iir  luim  rtiiin  ^  They  seem  to 
be  very  rapidly  converted  into  proteids  (?  serum  albumin)  after 
absorption  as  they  cannot  be  found,  or  otily  traces  of  them, 
in  the  thoracic  duct  or  the  portal  vein  blood  of  a  digesting 
aniinah  Mureovet%  paptones  diroetly  inj<wted  iiH<»  tlia  Uood 
arc  f^oi^onQiTs.  F^robably  they  are  seized  upon  arid  trans- 
formed by  the  cells  of  the  lymphoid  tissue* 

Digestion  io  the  Large  lot  est  in©.  The  contractions  of 
the  small  intestine  drive  on  its  continually  diminishing  con- 
tents until  they  reach  the  ileo-colic  valve,  through  which 
they  are  ukimately  pressed.  As  a  rule,  when  the  mass  enters 
the  large  intestine  its  nutritive  portions  have  beerj  almost 
entirely  absorbed,  and  it  consists  metely  of  some  water,  with 
the  indigestible  jiortion  of  the  food  and  of  the  secretions  of 
the  alimentary  canal.  It  contains  c^ulose,  elae^  tissue, 
iTHu:in,  and  somewhat-altered  bUa^gments;  some  l^t  if  a 
hir^e  quantity  has  been  eaten ;  and  some  starch,  if  raw  vege- 
tables have  formed  part  of  the  diet*     In  its  progress  through 
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tlie  large  intestine  it  loses  more  water,  and  the  digestion  of 
BkniliUnd  tlie  )ii^M^r|llinl^  mP  fiu-**  is  coirbt«ited.  Finally  the 
residue,  with  suiik-  t  xi  rt't<ny  Tiiatters  added  to  it  in  the  large 
intestine,  collects  in  the  sigmoid  tiexure  of  the  coloti  and  in 
the  rectum,  and  is  sent  ont  of  the  Body  from  the  latter. 

The  Bigeation  of  an  Ordinary  Meal.  We  may  best  sum 
u|>  the  fiiets  stuteil  in  tliis  L-hanUT  hy  {ron8id*/ring  the  diges- 
tiufi  of  a  txnnnion  meal;  say  a  breakfast  consisting  of  bread 
urnl  Viutttr,  beefsteak,  potatoes  arid  milk.  Many  of  these 
substances  f^ontain  several  alinierUiiry  principles,  and,  8ince 
these  are  ditrested  in  different  ways  and  in  diflerent  parts  of 
tile  alimentary  tract,  the  first  thing  to  be  done  is  to  consider 
what  are  the  proximate  eonstitnents  of  each.  We  thus  sepa- 
rate tl*e  materials  of  the  breakf-ist  as  in  table  on  next  page. 

From  i^nch  a  meal  we  niay  first  separate  the  elastin,  cellu- 
lose, and  caleiurri  snip  bate,  as  imHgestible  and  passed  ont  of 
the  Body  in  the  same  state  and  in  the  same  quantity  as  tfaey 
entered  it,  "I'hcn  come  the  salines  which  need  no  8|>ecial 
digestion,  amU  taken  either  in  solution  or  dissolved  in  the 
saliva  or  gastric  jnico,  are  absorbed  from  the  mouth,  stomach, 
and  intestines  without  further  change.  Cane  and  grape 
sugars  ex{>erience  the  same  lot,  except  that  any  cane  sugar 
or  maltose  reaching  the  intestines  before  absorption  is 
changed  into  grape  sugar  by  the  muccuh  enicncu.^.  Calcinm 
phosphate  will  be  dissolved  by  the  free  acid  in  the  fitomach, 
yieldirtg  calcium  chloride,  which  will  ho  absorbed  there  or  in 
the  iTJtestine,  Starch  ivill  be  partially  converted  into  maltose 
dnrifig  mastication  and  dc^dutition,  and  it  is  possible  that 
some  of  this  sugar  may  he  absorbed  from  the  stomach* 
A  great  part  of  the  starch  will,  however,  he  passed  on 
into  the  intestine  nnchanii^ed,  since  the  action  of  saliva  is 
suspendeii  in  the  stomach;  and  its  conversion  will  be  com- 
pleted by  the  pancreatic  Beeretion,  and  perhaps  by  the  ptyalin» 
though  this  is  probably  destroyed  in  the  stomach  hy  the  gastric 
Jiiiee:  luit  in  arjy  ciise  the  starch  will  only  have  been  changed 
to  maliose,  and  will  noH  further  digestive  treatment.  The 
various  proieids  will  be  psirtially  dissolved  in  the  stomach 
anil  ronverted  into  peptone,  which  will  in  part  be  absorbed 
tiiere;  the  residue,  with  the  undigested  proteids,  will  be 
passed  on  to  ihe  intestines,  'J'here  the  bile  will  precipitate 
the  [H'p tones  and  pfn*Hpeptonf>s  und,  with  the  pancreatic 
secretion,  render  tlie  chyme  alkaline,  and  so  stop  the  activity 
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of  the  gastric  pepsin.  Tlie  pancreatic  secretion  will,  liow- 
ever,  redissolve  the  proci])itatLHl  peptone,  iwid  the  iiiicliungeJ 
proteids  mul  pjtrapeptoiie  aiui  i\m  albumos^e,  and  Uini  the 
three  last  into  peptone,  breaking  up  part  of  this  into  lenoin 
and  tyrosin;  these  will  be  absorbed  as  the}'  pass  a!ong  the 
small  intestine;  a  stnall  qnantity  perhaps  passing  into  the 
large  intestine,  to  be  taken  np  there.  The  fats  will  remain 
line  hanged  nntil  tlicy  enter  the  small  intestine,  except  that 
the  proteid  cell-walls  of  the  adipose  tissue  of  the  beefsteak 
will  be  dissohed  away.  In  the  small  intestine  some  of  these 
little  oil  nmssea  will  be  in  part  sapi>nitied,  but  most  will  be 
ennilsitied  and  taken  np  into  the  lacteals  in  that  condition, 
(felatin,  from  the  white  librons  tissue  of  tlie  beefsteak,  will 
undergo  ehanges  in  the  stomach  and  intestine,  and  be  dis- 
solved and  absorbed. 

The  substances  leaving  the  alimentary  canal  after  such  a 
meal  would  be,  primarily,  the  indigestible  cellulose  and 
elai^tin,  and  some  water.  But  there  might  al^o  be  some  unab* 
Borbed  fats,  stareh,  and  salts.  To  these  would  be  added,  in 
the  alimentary  cnnul,  nniein,  some  of  the  ferments  of  the  di- 
gestive secretions,  some  slightly  altered  bile  pigments,  and 
other  bodies  excreted  by  the  large  intestine, 

Byapepfiia  is  the  common  name  of  a  number  of  diseased 
conditions  attended  with  loss  of  appetite  or  troublesome 
digestion,  Being  often  unattended  with  acute  pain,  and  if 
it  kills  at  all  doing  so  very  slowly,  it  is  pre-eminently  suited 
for  treatment  by  domestic  quackery.  In  restlity,  however, 
the  immediate  cause  of  the  symptoms,  and  the  treatment 
called  for,  may  vary  widely;  and  their  tletectiou  and  the 
choice  of  the  proper  remedial  agents  often  call  for  more  than 
on! i nary  medicul  skill.  A  few  of  the  more  common  forms 
of  ilyspepsia  nniy  be  mentioned  here,  with  their  proximate 
causes,  not  in  order  to  enable  people  to  undertake  the  nu^h 
experiment  of  dosirtg  themselves,  but  to  show  how  wide  a 
chance  there  is  for  any  unskilled  treatment  to  miss  its  end, 
and  do  more  harm  tlnin  good. 

Appetite  is  primarily  due  to  a  condition  of  the  mucous 
membrane  of  the  stomach  which,  in  health,  comes  on  after  a 
short  ffist,  a?n^  fitrntnTiit*38  ILU  sensory^iwr^'eB ;  and  loss  of  appe- 
tite may  be  due  to  either  of  several  causes.  The  stomach 
may  be  apathetic  and  lack  its  normal  sensibility,  so  that  the 
empty  condition  does  not  act,  as  it  normally  does,  as  a  sut5i- 
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cient  excitant.     When  food  is  taken  it  is  a  further  stimuhis 
and  may  be  enough;  in  such  cases  "appetite  comes  with  eat- 

5  r|,\-'^  ing."     A  bitter  before  a  meal  is  useful  as  an  aj)petizer  to 
I    .    'patients  of  this  sort.     On  the  other  hand,  the  stomach  may 

^yttv-riie  too  sensitive,  and  a  voracious  appetite  be  felt  before  a 
I  * -jjhmeal,  which  is  replaced  by  nausea,  or  even  vomiting,  as  so<ni 

'•  ^^^^^as  a  few  mouthfuls  have  been  swallowed;  the  extra  stimulus 
of  the  food  then  overstiniulates  the  too  irritable  stomach, 
jast  as  a  draught  of  mustard  and  warm  water  will  a  healthy 
one.  The  proper  treatment  in  such  cases  is  a  sootiiing  one. 
When  food  is  taken  it  ought  to  stimulate  the  sensory  gastric 
nerves,  so  as  to  excite  the  reflex  centres  for  the  secretory 
nerves,  and  for  the  dilatation  of  the  blood-vessels  of  the 
organ;  if  it  does  not,  the  gastric  juice  will  be  im])erfectly 
secreted.  In  such  cases  one  may  stimulate  the  secretory 
nerves  by  weak  alkalies,  as  certain  mineral  waters  or  a  little 
carbonate  of  soda,  before  meals;  or  give  drugs,  as  strychnine, 
which  increase  the  irritability  of  reflex  nerve-centres.  The 
vascular  dilatation  may  be  helped  by  warm  drinks,  and  this  is 
probably  the  rationale  of  the  glass  of  hot  water  after  eating 
which  has  often  been  found  useful;  the  usual  small  cup  of 
hot  coffee  after  dinner  is  a  more  agreeable  form  of  the  same 
aid  to  digestion.  In  states  of  general  debility,  when  the 
stomach  is  too  feeble  to  secrete  under  any  stimulation,  the 
administration  of  weak  acids  and  artificially  prepared  pepsin 
is  needed,  to  supply  gastric  juice  from  outside,  until  the  im- 
proved digestion  strengthens  the  stomach  up  to  the  point  of 
being  able  to  do  its  own  work. 

Enough  has  probably  been  said  to  show  that  dyspepsia  is 
not  a  disease,  but  a  symptom  accompanying  many  pathologi- 
cal conditions,  requiring  special   knowledge   for  their  treat-       " 
ment.     From  its   nature — depriving  the  Body  of  its  proper        J 
nourishment — it  tends  to  intensify  itself,  and  so  should  m-ver        ~ 
be  neglected;  a  stitch  in  time  saves  nine.  'C 

The  Movements  of  the  Intestines.     When  the  abdomen       / 
of  a  living  anaesthetized  animal  is  opened,  especially  during 
digestion,  contractions  are  seen  slowly  travelling  alon^r  the 
bowels,  which  have  in  consequence  somewhat  the  appearance 
of  a  writhing  mass  of  worms,  hence  the   name    vmnicnlar      - 
often  given  to  these  movements:  they  are  also  called  peri-     ^ 
staltir.     On  observing  a  portion  of  the  gut  a  narrowing  due 
to  contraction  of  its  circular  muscular  coat  will  be  seen  to     ^ 


^ifa^ti.^  r-'L^. 
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slowly  along  it,  normally  in  a  direction  towards  the 
rertum;  these  contractions^  pn^li  before  them  |mrt  of  the  con- 
tents of  the  intestine.  The  t^inuiltaneous  corUrifcctions  of  the 
outer  longitndiual  lnyer  of  the  jnusculnr  coat  are  not  so 
marked  or  so  otisily  directly  observable.  If  the  bowels  be 
entirely  removed  from  tlie  body  of  the  animal  the  movementa 
go  OTi  for  some  time,  so  they  are  obviously  not  directly  de- 
pendent oil  extriusic  nerves.  They  are  probably  prirruirily 
due  to  a  slight  iiufiomfttioity  of  tha  iim^ek IlbuII,  which  as  in 
the  case  of  the  heart  (Chap.  X  VTI)  is  favored  by  distension,  but 
they  may  be  due  to  nerve  impulses  arisiug  iti  the  cells  of  the 
ple.vtis  of  Aiierbacfi.  As  in  the  ease  of  the  heart  these  move- 
ments are  under  control  of  extriusic  nerve-Jibre^,  originating 
in  the  eerebro-spinal  centre,  and  these  fibres  are  excitor  and 
depressor.  Exactly  contrary  to  that  which  we  fiiul  in  the 
case  of  the  heart,  the  fibres  reacbiug  the  intestines  tiirougli 
the  pneurmjgjiiitries  are  excitor,  causing  more  powerful  cou- 
tractioog,  and  the  fibres  coming  from  the  sympathetic  through 
the  splanchuics  (where  they  are  mixed  with  but  quite  dis- 
tinct from  the  vaso-constrictor  fibrc^s)  are  kihilMigry.  Stimu- 
latiou  of  the  sjjluiuihiuy  ngines  will  bring  actively  contract- 
ing intestines  to  rest.  The  influence  of  the  central  nervous 
system  on  the  motions  of  the  bowel  is  shown  by  the  c.ontrac- 
tjons  caused  by  fright  or  other  strong  emotions,  illustrated 
by  the  Hebrew  phraj^e  **  bowels  moved  with  compassion/' 
Deficiency  of  arterial  blood  excites  powerful  intestinal  con- 
tractions. The  various  purgative  medicines  act  in  very  differ- 
ent ways  ;  some  directly  on  the  intestinal  neuro-muscukr 
apparatus;  some  on  the  extrinsic  nerve  centres  concerned; 
some  (as  Epsom  salts)  mainly  by  causing  a  great  secretion  of 
liquid  into  the  bowel  and  so  distending  it» 
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CHAPTER  XXV. 
THE  RESPIRATORY  MECHANISM. 

Definitions.  The  blood  as  it  flows  from  the  right  ventri> 
cle  of  the  heart,  through  tlie  luugs,  to  the  left  auricle,  loses 
carbon  dioxide  aud  gains  oxygen.  In  the  systemic  circula- 
tion exactly  the  reverse  changes  take  place,  oxygen  leaving 
the  blood  to  supply  the  living  tissues;  and  carbon  dioxide,  gen- 
erated in  them,  passing  back  into  the  blood  capillaries.  The 
oxygen  loss  and  carbon  dioxide  gain  are  associated  with  a 
change  in  the  color  of  the  blood  from  bright  scarlet  to  purple 
red,  or  from  arterial  to  venous;  and  the  opposite  changes  in 
the  lungs  restore  to  the  dark  blood  its  bright  tint.  The  whole 
set  of  processes  through  which  blood  becomes  venous  in  the 
systemic  circulation  and  arterial  in  the  pulmonary — in 
other  words  the  processes  concerned  in  the  gaseous  reception, 
distribtition  and  elimination  of  the  Body — constitute  the 
function  of  respiration  ;  so  much  of  this  as  is  conrernod  in 
the  interchanges  between  the  blood  and  air  being  known  as 
ejrternnl  respiration  ;  while  the  interchanges  occurring  in 
the  systemic  capillaries,  and  the  i)rooessos  in  general  by 
which  oxygen  is  fixed  and  carbon  dioxide  f<>rnuMl  by  the  liv- 
ing tissues,  are  known  as  internal  respiration.  When  tlie 
term  respiration  is  used  alone,  without  any  limiting  adjective, 
the  external  respiration  only,  is  commonly  meant. 

Respiratory  Organs.  Tho  blood  being  kept  ])oor  in  oxy- 
gen and  rich  in  carbon  dioxide  by  the  ai^tion  of  the  living 
tissues,  a  certain  amount  of  ga#»eons  intorohango  will  nearly 
always  take  i)lace  when  it  comes  into  close  proximity  to  the 
surrounding  medium:  whether  this  be  the  atmospliore  itself 
or  Tftttrr  contain ii>g  fiir  in  solution.  When  an  animal  is 
small  there  are  oftcu.nt^  special  organs  for  its  external  ros- 
])iration,  its  gen^fai  swrlttf^  being  suftieient  (ospocially  in 
aquatic  animals  with  a  moiot  okLu)  to  ])ermit  of  all  the  gas- 
eous exchange  that  is  necessary.  In  the  simj)lest  creatures, 
indeed,  there  is  even  mj-tJtSod,  the  cell  or  cells  composing 
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them  takiiig  up  for  themselTes  from  their  environment  the 
oxygun  which  they  need,  ami  passing  out  into  it  their  car- 
bon dioxide   wsiste;    in  other  words,  there   is  no  difleren* 
tiation   of   the   external  and    inteniitl   respirations.      Wlien, 
however,  an  animal  is  larger  many  of  its  ltIIs  are  so  far  from 
a  free  surface  tliat  they  cannot  transact  this  give-and-take 
with    the   surrounding  uiediuni   directly,  and   the  blooil,  or 
some  li(juid  representing  it  in  tiujs  respect,  serves  as  a  mid- 
dleman between  the  living  tissues  and  the  external  oxygen; 
and  then  one  usually  finds  epeeial  rvspinthry  organs*  devel- 
oped, to  which  the  l>ItK>d  is  hrnuglrt  to  make  gond  its  oxygen 
loss  and  get  rid  of  itg  excess  uf  cHrbon  dioxide,     lu  aijuatic 
animals  such  organs  take  couunoidy  the  form  of  gills;  these 
are  protrusions  of  the  body  over  which  a  cjon^taut  current  of 
water,  containing  oxygen   in  solution,  is   kept  up;   and  in 
which  blood  capillaries  form  a  doi^e  network  iniuieii lately  be- 
nejith  tlie  surface.     In  air-breathing  aniuuils  a  different  ar- 
rangement is  usually  found.     In  some,  ns  frogy,  it  is  true,  the 
skin  is  always  moist  and  serves  as  an  important  respiratory 
organ,  large  fjiuiutitiea  of  venous  blood  being  sent   to  it  for 
aeration.     But  for  the  occurrence  of  the  necef*i«ary  gaseous 
diffusion,  the  #kift-Jnust  be  kept  J^^wy  uinhA,  ar>d   this,  in  a 
terrestrial  animal,  necessitates  a  great  amount  of  secretion  by 
the  cutaneous  glands  to  compensate  for  evaporation:  aceurfl- 
ingly  in  most  land  animals  the  air  is  carried  into  the  body 
through  tubes  with  narrow  external  orifices  and  so  the  drying 
Tip  of  the  breathing  surfaces  is  greatly  diminished ;  jn^t  as 
Trft<*frifT  a  bottle  wifeh'4marf4j>w>At»ek  will  ern^torate  much  more 
slojfcLjt-than  the  same  amount  exposed  in  an   open  dish.     In 
insects  (as  beea*  butterflies,  and  beetles)  the  air  is  carried  by 
tubes  which  split  up  into  extremely  fine  branches  and  ramify 
all  through  the  body,  even  down  to  tfie  individual  tissue  ele- 
ments, which  thus  carry  on  their  gfiiieons  exchanges  without 
the   intervention    of   blood.      But   in   the  great  majority  of 
air-breathing  animals  the  arrar»gement  is  different;  the  air- 
tubes  leading  from  the  exterior  of  the  body  do  not  subdivide 
into  branches  which  ramify  all  through  it,  but  open  into  one 
or  more  large  sacs  to  which  the  venous  blood  is  brought,  and 
in  whose  walls  it  flows  through  a  close  capillary  network. 
Such  respiratory  sacs  are  called  h(ng»,  and  it  is  a  highly  de- 
veloped form   of  them  which    is   employed  in   the  Human 
Body. 

The  Air-Passages  and  Lungs.     In  our  own  Bodies  some 
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emtill  amotnitTif  iTFpirEtfoii  is  carried  on  in  the  aHm? 

oi^»»],  the  air  8iwn)]4>w«4  with  it^od 
or  Siiliva  undergoing  gaseous  ex* 
changes  with  the  blood  in  ihe  gas- 
trie  luid  in  I  est  in  ^d  nuicoua  mem- 
bmiies.  The  amount  of  oxygen 
thus  obtained  by  the  blood  is 
however  very  trivial,  as  is  that 
absorbed  tlirough  the  skin,  cov- 
ered as  it.  is  by  its  dry  horny  non- 
vascular epidermis.  All  the  really 
es8eu tiid  gaseous  interehanges  be*i 
tween  the  Body  and  the  atmos*' 
phere  take  place  in  the  lungs,  two 
large  sacs  {lu^  Fig.  1)  lying  in  the 
thoracic  cavitv,  one  on  each  side 
of  tlie  heart*  To  these  sacs  the 
air  is  conveyed  through  a  series  of 
passages.  Entering  the  pharynx 
through  the  nostrils  or  mouth, 
it  piieses  out  of  this  by  the  opeu- 
irig  leading  into  the  larynx,  or 
voice-box  {fu  Fig.  K*:.*),  lying  iu 
the  upper  part  of  the  neck  (the  communicatioTi  of  the  two 
18  seen  in  Fig.  10^)*  from  the  larynx  passes  Itack  the  travhea 
or  wimlpipe,  5,  which,  after  entering  the  chest  cavity,  divides 
into  the  riyhl  and  left  bronchi^  d,  e.  Each  bronchus  divides 
up  into  smaller  and  smaller  branches,  called  hnnckial  iubt\i^ 
within  the  lung  on  its  own  side;  and  the  smallest  bronchial 
tubes  end  in  sacculated  dilatations,  the  infundihula  of  the 
lungs,  the  sacciilationa  (Fig,  VIA)  being  the  alveoli:  the  word 
**  cell  *'  being  here  used  in  its  prim-  * 
itive  sense  of  a  small  cavity,  and 
not  in  its  later  technical  significa- 
tion of  a  morphological  unit  of 
the  Body,  On  the  walls  of  the 
air-cells  the  pulmonary  capillaries 
ramify,  and  it  is  in  thetn  that  the 
interchanges  of  the  external  ree- 
piralifin  take  phice. 

Structure  of  the  Trachea  and 
Bronchi.  The  windpipe  may 
readily  be  felt  in  the  middle  line  of  the  neck,  a  little  below 


1m.  itij— Tlie  lunjcv  ftitd  air- 
l»ns«Mift'<i  «*M*4i  from  ihe  front.  On 
thif  lett  4  if  I  tie  fi^uw  tlif  puliiHj- 

AU'ity  to  ybow  ihe  rnmineAilniiH  of 
the  brMin'hiiil  ui*w*8,    a,  Inrvnx  ; 

The  li^fl  bionohds  is  wa^ii  f  iilcriiiif 
th«  rut*t  of  lilt  iuij«. 


Fio.  T2?V*— A  small  bmnchiftt  tube, 
a,  divlitiiiK  btto  itn  i«TiiHtuil  brtmch' 
PH.  c  ;  Wwa^r  have  pfiuehiit  or  !*aecu- 
Intt^il  waIN  unci  KTid  in  ihf?  liACCli* 
kitinl  infiiiidibiiia,  b. 
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Adam's  apple,  as  a  rigid  cylindrical  mass.  It  consista  funda- 
Dientally  of  a  fibruiis  tubi-  in  wliidi  eartilugea  are  imbedded, 
so  us  to  keep  it  from  eolkpsing;  and  is  lined  iiiternully  by  a 
imicou8  inenibrane  covered  by  several  layers  of  epithelium 
ceils,  of  vvluL^h  the  finperffcial  is  ciliated.  The  elastic  car- 
tilat::es  imbedded  in  its  walla  are  imperfect  riTigs,  each  sorue- 
wliut  tlic  shape  of  a  horse  sVjoe,  and  tfie  dei<oi<kiit  part  of 
each  ring  being  turnfd  bfi^WiU'iis,  it  cf^mes  to  pass  that  tho 
deeper  or  dorsal  side  of  the  windpipe  has  no  hard  parts  in  itt 
Against  this  side  the  gullet  lies,  and  the  abgcnce  there  of  the 
cartilages  bo  donbt  facilitates  ewiiilowing.  The  bronchi  re- 
senible  the  wimlpipe  in  slriicture, 

'  The  Structure  of  the  Lungs.  These  consist  of  the  bron- 
chial tubes  and  their  terminal  dilatations;  numerous  blood- 
vei?.*^els,  nerves  and  lympbatifs;  and  an  abundance  of  connec* 
tive  tissue,  rich  in  elastic  tibres*  binding  all  together.  The 
bronchial  tubes  ratnify  in  a  tree-like  manner  (Fig.  V22)^  In 
structure  the  larger  ones  resemble  the  trachea,  except  that 
the  cartilage  rings  are  not  regularly  arrartged  so  as  to  have 
their  open  parts  ail  turned  one  way.  As  the  lobes  become 
smaller  their  constituents  thin  away;  the  cartilages  become 
less  frequent  and  dtuilly  disapijcar;  the  epithelium  is  re- 
dutf'cd  to  a  single  layer  of  cells  whielu  thmigh  still  ciliated, 
are  much  sfiorter  than  the  columnar  superlicial  cel1-hiyer  of 
the  larger  tubes.  Tha  terminal 
alveoli  {a,  a.  Pig  1*^4),  and  the 
air  cells,  ^,  which  open  into  them, 
have  walls  comjjosed  mainly  of 
elastic  tissue  and  lined  by  a 
single  layer  of  fiat,  non-ciliated  '^fc  7^ 
epithelium,  immediately  beneath  ^^  — * 
which  is  a  very  ch*se  network 
of  capillary  blood- vessels.  The 
air  entering  by  the  bronchial  tube 
is  thus  only  sej^aratcd  fn^rn  the 
hlood  by  tlie  thin  capillary  wall 
and  the  thin  epithelium,  both  of 
which  are  moist,  ami  well  iwlapted 

,.rt,       .  FlO,  1.JI,— Two  iiifiiiuiajul*  of  the 

to  permit  gaseous  d I fitiiiion.  tmiic  much  rnaKn««"*i    bj*,ih*' fttr. 

The  Pleura.      P.ach    lung   is  aivi^oius,  o»>HTtii.ir  into  ii.  t-enrnti 
covered,  except  at  one  point,  by   trotirhiai  mi)^ 
an  elastic  serous  membrane  which  adheres  tightly  to  it  and 
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is  called  the  pleura;  that  poiut  at  which  the  pleura  is 
wanting  is  called  the  root  of  the  lung  and  is  on  its 
median  side;  it  is  there  that  its  hronchus,  blood-vessels  and 
nerves  enter  it.  At.UieHwet  of  the  lung  the  plewra  turns 
back  and  lines  the  inside  of  the  chest  cavity,  as  represented 
by  the  dotted  line  in  the  diagram  Fig.  3.  The  part  of  the 
pleura  attached  to  each  lung  is  its  visceral,  and  tliat  attached 
to  the  chest-wall  its  fperieftrf  layer.  Each  pleura  thus  forms 
a  closed  sac  surrounding  a  pleural  cavity,  in  which,  <Uiring 
health,  there  are  found  a  few  drops  of  lymph,  keeping  its 
surfaces  moist.  This  lessens  friction  between  the  two  layers 
during  the  movements  of  the  chest-walls  and  the  lungs;  for 
although,  to  insure  distinctness,  the  visceral  ai^l  parietal 
layers  of  the  pleura  are  represented  in  the  diagram  as  not  in 
contact,  that  is  not  the  natural  condition  of  things;  the  lungs 
are  in  life  distended  so  that  the  visceral  pleura  rubs  against 
the  parietal,  and  the  pleural  cavity  is  practically  obliterated. 
This  is  due  to  the  pressure  of  the  atmosphere  exerted  through 
the  air-passages  on  the  interior  of  the  lungs.  The  lungs  are 
extremely  elastic  and  distensible,  and  when  the  chest  cavity 
is  perforated  each  shrivels  up  just  as  an  indian-rubbor  blad- 
der does  when  its  neck  is  opened;  the  reason  being  that  then 
the  air  presses  on  the  outside  of  each  with  as  much  force  as 
it  does  on  the  inside.  These  two  pressures  neutralizing  one 
another,  there  is  nothing  to  overcome  the  tendency  of  the 
lungs  to  collapse.  So  long  as  the  chest-walls  are  whole,  how- 
.  \»®v®^»  ^^^^  lungs  remain  distended.     The  pleural  sac  is  air-tight 

'    ^^^]^  -^and  contains  no  air,  and  the  preewire  of  the  air  around  the 
^Blfdy  is'boi-he  by  the  rigid  walls  of  the  chesrt  and  prevented 
from  reaching  the  lungs;  consequently  no  atmospheric  pros- 
sure  is  exerted  on  their  outside.     On  their  interior,  however, 
the  atmosphere  presses  with  its  full  weight, 
equal  to  about  90   centigrams  on    a  square 
centimeter  (14.5  lbs.  on  the  square  inch),  and 
this   is   far   more    than    suflicient    to    dis- 
tend  the  lungs  so  as  to  make   them  com- 
pletely fill  all  the  parts  of  the  thoracic  cav- 
itv  not  occupied  bv  other  organs.     Suppose 
fliu^;:*«ti!:;'7.^!Tr*"--'MFig.  125)  to  bo*  a  bottle  closed   air-tight 
th'riu'n 's' h\"*thrtho-  ^y  ^  ^'^''^  through   which  two  tubes  )>ass, 
rax.  one  of  wliich,  b,  leads  into  an  elastic  bag, 

d,  and  the  other,  c,  provided  with  a  stop-cock,  oi)ons  freely 
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below  into  the  bottle.  When  the  stop-cock,  r,  is  open 
the  air  will  enter  the  bottle  and  press  there  on  the  out- 
side of  the  bag,  as  well  as  on  its  inside  through  b.  The  hag 
will  tfjerefore  collapse,  as  the  Inngs  do  when  the  chest  cavity 
is  opeiieih  But  if  some  air  he  trucked  out  thron^h  c  the  pres- 
enre  of  that  remaining  in  the  bottle  will  diniinigh,  and  of  that 
inside  the  hag  will  be  iHiehaugeil.  and  tlie  bag  will  thus  be  blown 
up,  because  tlje  atn]Ofi|)iierie  pressure  on  its  interior  will  nut  be 
balaticed  by  that  on  its  exterior.  At  last,  wheti  all  the  air  is 
sucked  out  of  the  bottle  and  the  stop-cock  on  (*  closed,  the 
bag,  if  suftieiently  distensible,  will  bt*  expanded  so  m  to  com- 
pletely no  the  bottle  arui  press  against  its  inside,  and  the 
state  of  things  will  tlien  answer  to  tliat  uatorally  found  in 
the  chest.  II  the  bottle  were  now  increased  in  size  without 
letting  air  into  it,  the  bag  would  expatid  still  more,  so  as  to 
iill  it,  and  in  so  doing  won  hi  receive  air  from  outside  through 
l*\  aiid  if  the  bottle  then  returned  to  its  original  size,  its 
widls  woidd  press  on  tfie  bag  and  cause  it  to  shrink  and 
expel  some  of  its  air  through  b.  Exactly  the  same  must  of 
course  happen,  under  similar  circumstances,  in  the  chest,  the 
wind[upe  answering  to  the  tnbe  b  through  which  air  enters 
or  leaves  the  eliiatic  sac. 

The  Keapiratory  Movements.  The  air  taken  into  the 
lungs  soon  becotnes  httleii  in  them  with  carbon  dioxide,  and 
at  the  same  time  loses  much  of  its  oxygen ;  these  interchanges 
take  place  mainly  in  the  deep  recesses  of  the  alveoli,  far  from 
the  exterior  and  only  commnnicating  with  it  t!irough  a  long 
tract  of  narrow  tubes.  The  alveolar  air,  thus  become  unfit 
to  any  longer  cortvert  venous  lilood  itito  arterial^  could  only 
very  slowly  be  renewed  by  gaseous  diffusion  with  the  atmos- 
phere through  the  long  air-passages — not  nearly  fast  enough 
for  the  requirements  of  the  Body,  as  one  learns  by  the  sen sa* 
tion  of  suifocation  which  follows  holding  the  breath  for  a 
short  time  with  mouth  and  larynx  ojien.  Conaecjuently  co- 
<^rifttin^  with  the  hrngs  is  a  ftiayipg^ory.. m$ekmii9m,  by 
which  tlie  air  witliin  them  is  periodically  mixed  with  fresh 
air  taken  from  the  outside,  and  also  the  air  in  the  alveoH  is 
Utiirtfd  II |l  so  as  to  bring  fre.sh  layers  of  it  in  contact  with  the 
walls  of  the  air-cells.  This  mixing  is  brought  about  by  the 
breathing  movements,  consisting  of  regularly  alternating  im- 
spiratioHs,  during  which  the  chest  cavity  is  enlarged  and 
fresh  air  enters  the  lungs,  and  expiration jt,  in  which  the  cav- 
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ity  is  diminished  and  air  expelled  from  the  lungs.  When  the 
chest  is  enlarged  the  air  the  lungs  contain  immediately  dis- 
tends them  80  as  to  fill  the  larger  space ;  in  so  doing  it  be- 
comes rarefied  and  less  dense  than  the  external  air;  and  since 
gases  flow  from  points  of  greater  to  those  of  less  pressure, 
some  outside  air  at  once  flows  in  by  tlie  air- passages  and 
enters  the  lungs.  In  expiration  the  reverse  takes  place.  The 
chest  cavity,  diminisliing,  presses  on  the  lungs  and  makes  the 
air  inside  them  denser  than  the  external  air,  and  so  some 
passes  out  until  an  equilibrium  of  pressure  is  restored.  The 
chesty  in  fact,  acts  very  much  like  a  bellows.  When  the  bel- 
lows are  opened  air  enters  in 
consequence  of  the  rarefaction 
of  that  in  the  interior,  which 
is  expanding  to  till  the  larger 
space;  and  wlien  the  bellows 

FIG.  18«.-DIa,cramto  llh«tnite  the  en-  ^^^^  closed  again  it  is  expelled, 
try  of  air  to  the  lungB  when  the  thoracic  To     make     the    bellows    quite 

like  the  lungs  we  must,  how- 
ever, as  in  Fig.  126,  have  only  one  opening  in  them,  that  of 
the  nozzle,  for  both  the  entry  and  exit  of  the  air;  and  this 
opening  should  lead,  not  directly  into  the  bellows  cavity,  but 
into  an  elastic  bag  lying  in  it,  and  tied  to  the  inner  end  of 
the  nozzle-pipe.  This  sac  would  represent  the  liniirs  and  the 
space  between  its  outside  and  the  inside  of  the  bellows,  the 
pleural  cavities. 

We  have  next  to  see  how  the  ex})ansion  and  contraction 
of  the  chest  cavity  are  brought  about. 

The  Structure  of  the  Thorax.  'J'he  thoracic  cavity  has 
a  conical  form  determined  by  the  shape  of  its  skeleton  (Fig. 
12?) ,  its  narrower  end  being  turned  upwards.  Dorsally,  ven- 
trally,  and  on  the  sides,  it  is  8uj)porled  by  tlie  riirid  frame- 
work aiTorded  by  the  thoracic  vertebra\  tlie  breast-hone,  and 
the  ribs.  Between  and  over  these  lie  muscles,  and  the 
whole  is  covered  in,  air-tight,  by  the  skin  externally,  and  the 
parietal  layers  of  the  ]>leura»  inside.  Abovt»,  its  aperture  is 
closed  by  nniscles  and  by  various  organs  passinir  hetwem  the 
thorax  and  the  neck;  and  below  it  is  bounded  hy  tlie  ^//Vn 
pln-ftfint,  which  forms  a  movable  bottom  to  the,  otherwise, 
tolerably  rigid  box.  Tn  inspiration  this  box  is  increase*!  in 
all  its  diameters — dorso-vent rally,  laterally,  and  from  above 
down. 
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The  Vertical  ^ilargement  of  the  Thoraju  ThU  10 
brought  aboat  bj  the  cou traction  of  the  diapbrngm  which 
(Figs.  1  and  128)  U  a  thiu  inuscalar  sheet,  with  a  fibrooa 
membrane^  serriDg  ag  a  tendoD,  in  its  centre.  In  rest^  the 
diaphragm  is  dome-shaped,  its  conea?itj  being  turned  towards 
the  abdomen.  From  the  tendon  on  the  crown  of  the  dome 
striped  mu scalar  fibres  radiate,  downwards  and  outwardly  to 
all  sides;  and  are  fixed  by  their  inferior  ends  to  the  lower 
ribs,  the  breast-bone,  and  the  Tertebral  column.  In  expiration 
the  lower  laterd  portions  of  the  diaphragm  lie  clone  against 
tlie  chest-walls,  no  lung  interTeoing  between  them.  In  in- 
^iration  the  muscular  fibres,  ahorieuing,  flatten  the  dome 
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oln^ge  Om  tkcneic  cavity  al  the  espesae  H  tk^  A- 
and  at  the  iMie  tiM  ito  hienl  portioM  an  pel^ 
awajr  bim  the  cfaest-waUs,  karing  a  apaee  iiilo  whiA  the 
lower  cnla  af  the  laii0i  etapand*  The  eootaetiatt  of  iha 
dJaphiaf  thaa  tin  riaifa  giMtly  the  aaa  of  tfct  thasM  d^^ 
b«r  br  adding  to  its  lowot  and  widcit  pari 

The  Ikmo-VaDtral  WlBlargawawt  of  tba  Tbosaz,  Tha 
rifaa  <Mi  the  whole  alope  dtfrwBwardi  (ma  the  ▼ertebol 
eolunm  to  the  bfoafi-booe,  the  alope  baiac  "Mi^  narfcod 
in   tho  Imw  amm.     Dwriv  hmfinAm  the 
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and  the  sternal  ends  of  the  ribs  attached  to  it  are  raised, 
and  so  the  distance  between  the  sternum  and  the  vertebral 


■v-' 


Fto,  128.— The  dkpi 
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column  k  increased.     That  this  must  b«  so  will  readily  be 

seen  on  i-ojisidering  the  diagram   Fig,  1*39,  where  ab  rt^pre- 

sents  the  vertebral  eolunin,  c  and  d  two 

lEzrriSI       ribs,  and  si  the  sternum.     The  eontinu- 

■'  Uf  00 s  lines  represent  tlie  natural  position 

of  the  ribs  at  rest  in  expiration,  and  the 

dotted  lines  the  position  in  inspiration. 

\^t        It  is  dear  that  wbeu   tlieir  lower  ends 

are  raised,  so  as  to  make  the  Ijars  lie  in 

a  more  horizontal  phme,  the  sternum  is 

pushed  away  from  the  8pine,  and  so  the 

chest  cavity  is  increased  dorso-ventrally. 

The  im^piratorv  eleviition  of  the  ribs  is 

tratifiir  the  dot^o  ventral  mainly  uue  to  tne  action  of  the  sfment 

increase  in  thi*  diartifler  *>f         j  ,  1     *     >         _  ,    .  ,  ,_, 

Uie  ihiirai  when  tiie  riti*  and  $xi§pnmi  rmf^nu^tul  vuntdes.  The 
*'^"**     "  scalene  muBcles,  three  on  each  side,  arise 

from  the  cervical  vertebra*,  and  are  inserted  into  the  upper 
ribs.  The  external  intercostals  (Fi;^.  113,  A)  lie  between  the 
ribs  and  extend  from  the  vertebnd  column  to  the  costal  carti- 
lages; their  fibres  slope  dowm wards  and  forwards.  Duriug 
an  inspiratton  the  scaleues  contract  and  fix  the  upper  ribs 
firmly;  then  the  external  iuturcostals  shorten  and  each  raises 
the  rib  below  it  The  muscle,  in  fact  tends  to  pull  together 
the  pair  of  ribs  between  which  it  lies,  but  as  the  upper  one  of 
these  is  held  tight  by  the  sculenes  and  other  muscles  above, 
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the  result  is  that  the  lower  rib  i«  pulled  up,  and  not  the  up|>ep 
down.  In  thrs  way  the  lower  ribs  are  raised  mncb  more  thun 
tin*  upper,  for  the  whole  external  iiitercosttd  muscles  on  each 
Bide  may  be  regarded  as  oue  great  aiuflole  with  niMny  buMitu, 
each  belly  septtrutetl  from  the  uext  bv  a  ten<ieii^  represented 
by  the  ri^  W  ben  the  whole  nuiacubir  sheet  is  fixed  above 
aiid  contracts*  it  is  clear  thnt  its  lower  end  will  be  raised  more 
than  any  intermediate  point,  since  there  is  a  i?reater  length 
of  contracting  muscle  above  it.  The  elevation  of  the  riba 
tends  to  diminish  the  vertical  diameter  of  the  chest;  ibis  is 
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Fio.  130  — Portion*  of  Tour  rih«  of  a  flnij?  with  the  initi*cl^*  lielwwn  tliem.  rt,  «, 
▼eiitnil  t-nt\n  of  Thi>  ntis,  Joining  wt  e  ili»»  rih  t'artU&KfS,  b,  nliidi  wrw  ftx**<l  tocurtU 
lafTinouii' ^lortionH.  '/.  of  tli«*  i*tt*rriijii».  .-i,  cxtfrivaJ  itilercosinl  rrtii.sf.h%  ccai^Ii)^  be- 
twi*i«-ii  the  rib  i-ftrrnftg«*H,  where  ihi?  itnenml  inli*rn«>sf«l,  H,  l»  }%•**•!)  B^twefii  lh« 
middle  rwo  rihH  ih*?  exienml  :Dt«rooMtii1  Miu^clr  has*  bem  dlfisectti^tJ  ftMiiy,  »o  ilm  lii 
diHplAy  ihe  hkteriiiil  whit^h  irii«  covered  by  it. 

more  than  compensated  for  by  the  simultaneons  descent  of 
the  difiphnisrnh 

The  I«ateral  Enlargement  of  the  Oheat  is  mainly  due  to 
the  dia^dirn^nu  whitih,  wJien  it  contracts,  adds  to  the  lowest 
and  wiliest  part  of  X\w  conical  oheRt  cavity.  Scmie  small 
widening  is,  however,  brought  about  by  a  rotation  of  some  of 
the  middle  ribs  whirh,  as  they  are  raised,  roll  round  a  little 
at  their  vertebral  articulations  and  twist  their  cartilaircs* 
Eacli  rib  is  curved  and,  if  the  bonps  lie  examined  in  their 
natural  position  in  a  skeleton,  it  will    be  seen  that  the  nio«fe  < 
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curved  part  lies  below  the  level  of  a  straight  liue  drawn  from 
the  vertebral  to  the  sternal  attachment  of  the  bone,  l^y  the 
rotation  of  the  rib,  during  inspiration,  this  curved  part  is 
raised  and  turned  out,  and  the  chest  widened.  The  iufifili- 
anisin  can  be  understood  by  clasping  ^he  hands  opposite  the 
lowop  eyid'  4»#-  thtr  sternum  and  a  few  inches  in  front  of  it, 
with  tlio  elbows  bent  and  pointing  downwards.  Each  arm 
will  tlien  answer,  in  an  exaggerated  way,  to  a  curved  rib,  and 
the  clasped  hands  to  the  breast-bone.  If  the  hands  be  sim- 
ply raised  a  few  inches  by  movement  at  the  shoulder-joints 
only,  they  will  be  separated  farther  from  the  front  of  tlie 
Body,  and  rib  elevation  and  the  consequent  dorso-ventral  en- 
largement of  the  cavity  surrounded  will  be  represented.  But 
if,  simultaneously,  the  arms  be  rotated  at  the  shouldor-joints 
80  as  to  raise  the  elbows  and  turn  them  out  a  little,  it  will  be 
seen  that  the  space  surrounded  by  the  two  arms  is  consider- 
ably increased  from  side  to  side,  as  the  chest  cavity  is  in  in- 
spiration by  the  similar  elevation  of  the  most  curved  part  or 
"  angle  "  of  the  middle  ribs. 

Expiration.  To  produce  an  inspiration  requires  consid- 
erable muscular  effort.  The  ribs  and  sternum  have  to  be 
raised ;  the  elastic  rib  cartilages  bent  and  somewhat  twisted ; 
the  abdominal  viscera  pushed  down;  and  the  abdominal  wall 
pushed  out  to  make  room  for  them.  In  expiration,  on  the 
contrary,  but  little,  if  any,  muscular  effort  is  needed.  As 
soon  as  the  muscles  which  have  raised  the  ribs  and  sternum 
relax,  these  tend  to  return  to  their  natural  unconstniined 
position,  and  the  rib  cartilages,  also,  to  untwist  themselves 
and  bring  the  ribs  back  to  their  position  of  rest;  the  elastic 
abdominal  wall  presses  the  contained  viscera  against  the 
under  side  of  the  diaphragm,  and  pushes  that  up  again  as 
soon  as  its  muscular  fibres  cease  contracting.  By  these  means 
the  chest  cavity  is  restored  to  its  original  capacity  and  the 
air  sent  out  of  the  lungs,  rather  by  the  elasticity  of  the  i)arts 
which  were  stretched  or  twisted  in  inspiration,  than  by  any 
special  expiratory  muscles. 

Forced  Respiration.  When  a  very  deep  breath  is  drawn 
or  expelled,  or  when  there  is  some  impediment  to  the  entry 
or  exit  of  the  air,  a  great  many  muscles  take  part  in  })roduc- 
ing  the  respiratory  movements;  and  expiration  then  becomes, 
in  part,  an  actively  muscular  act.  The  main  expiratory  mus- 
cles are  the  internal  intercostals  which  lie  beneath  the  exter- 
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nal  between  each  pair  of  ribs  (Fig.  130  B),  and  hjive  an  oppo- 
fiite  direction,  their  fibres  running  upwards  and  forwards.  In 
forced  expiration  the  lower  ribs  arc  fixed  or  pulled  down  by 
muscles  running  in  the  abdominal  wall  from  the  pelvia  to 
them  and  to  the  breiist-bone.  The  iniernal  iiitercostals,  con- 
tracting, pull  duw^n  the  upper  ribs  and  the  sternum,  and  so 
diminish  ihe  thoracic  cavity  dorso-ventrally.  At  the  i>ame 
time,  the  contracted  abdominal  muscles  press  the  walls  of 
that  cavity  against  the  viscera  within  it,  and  pushing  these 
up  forcibly  agitinst  the  diaphragm  make  it  very  convex 
towards  the  chest,  and  so  diuairiish  the  hitter  io  its  vertical 
diameter.  In  very  violent  expiration  many  other  muscles 
may  co-operate^  tending  to  fix  points  on  which  those  muscles  . 
wliieh  can  directly  diuunidh  the  thoracic  cuvity,  pull.  In  I 
violent  inspiralidn,  also,  many  extra  nnis^cles  are  called  into 
play.  The  neck  is  held  rigid  to  give  the  scalciies  a  firm  at- 
tachment; tlie  shoulder- Joint  is  held  fixed  and  muscles  going 
from  it  to  the  chest- wall,  and  commonly  serving  to  move  the 
arm,  arc  then  u«€tf-t©  f^lrei?!*!^  th*s  ribift;  the  head  is  held  firm 
on  the  vertebral  column  by  the  muscles  going  betw^een  tlie 
tw*o,  and  then  other  muscles,  which  pass  from  the  collar-bone 
and  sternnm  to  the  sknll,  are  used  to  pull  up  the  former. 
The  muscles  which  are  thus  called  into  play  in  labored  but 
not  in  quiet  breathing  are  called  extraordinary  tnuscles  of 
reatpiraiioft, 

Tha  Respiratory  Sounds.     The   entry   and  exit  of  air 
are  acconn»anied  by  n\s/nnffort/  mnntls  or  7Hurmurs,  wdiich 
can  be  heard  on   applying  the  ear  to   the  chest  wall.     The  I 
character  of  these  sounds  is  different  and  characteristic  over] 
the  trachea,  tlie  larger  bronchial  tubes,  and  portions  of  lunf 
from  which  large  bronchisil  tubes  are  absent.     They  are  vari- 
ously modified  In  pulmonary  affections,  and  hence  the  value 
of  an-frnUafion  of  the  lungs  in  assisting  the  physician  to| 
form  a  tliagnosis. 

The  Capacity  of  the  Lungs.  Since  the  chest  cavity 
never  even  approximately  collapses,  the  lungs  are  never  com- 
pletely emptied  of  air:  the  space  they  have  to  occupy  is 
larger  in  inspiration  than  during  expiration,  hut  is  alw^ays 
considerable,  so  that  after  a  forced  expiration  they  still  con- 
tain a  large  amount  of  air  which  can  only  be  expelled  from 
them  by  opening  the  pleural  cavities;  then  they  entirely  col- 
lapse, just  as  the  bag  in  Fig.  125  would  if  the  bottle  inclosing' 
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it  were  broken.  The  capacity  of  the  chest,  and  therefore  of 
the  lun^s,  varies  much  in  different  individuals,  but  in  a  man 
of  medium  height  there  remain  in  the  lungs  after  the  most 
violent  possible  expiration,  about  1640  cub.  cent.  (100  cub. 
inches)  of  air,  Cidled  the  residual  air.  After  an  ordinary 
expiration  tliere  will  be  in  addition  to  this  about  as  much 
more  supplemental  air  ;  the  residual  and  supplemental  to- 
gether forming  the  stationary  air,  which  remains  in  tiie 
chest  during  quiet  breathing.  In  an  ordinary  inspiration  500 
cub.  cent.  (30  cub.  inches)  of  tidal  air  are  taken  in,  and 
about  the  same  amount  is  expelled  in  natural  expiration. 
By  a  forced  inspiration  about  1600  cub.  cent.  (98  cub.  inches) 
of  complemental  air  can  bo  added  to  the  tidal  air.  After  a 
forced  inspiration  therefore  the  chest  will  contain  1640 -|- 
1640  +  500  +  1600  =  5380  cubic  centimeters  (328  cubic 
inches)  of  air.  The  amount  which  can  be  taken  in  by  the 
most  violent  possible  inspiration  after  the  strongest  possible 
expiration,  that  is,  the  supplemental,  tidal,  and  complemental 
air  together,  is  known  as  the  vital  capacity.  For  a  healtliy 
man  1.7  meters  (5-feet-tMtiches)  high  it  is  about  3700  cub. 
j  cent.  (%\l^  cub.  inches)  and  increases  60  cub.  cent,  for  each 
additional  centimeter  of  stature;  or  abouti^eubic  inches  for 
each  inch  of  heiirht. 

The  Quantity  of  Air  Breathed  Daily.  KiiowiTiir  the 
quantity  of  air  taken  in  at  oacli  breatli  nnd  expelled  airuin 
(after  more  or  loss  thoroui^h  admixture  with  tlie  stationary  air) 
we  have  only  to  know,  in  addition,  the  rate  at  wlii<^h  the 
breathing  movements  occur,  to  be  able  to  cahMilato  liow 
much  air  passes  through  the  lungs  in  twoiity-foiir  hours. 
The  average  number  of  respirations  in  a  minute  is  found  by 
counting  on  persons  sitting  qtiietly,  and  not  knowing  tluit 
their  breathing  rate  is  under  observation,  to  be  iiUwmA  in  a 
minute.  In  each  respiration  half  a  liter  (30  cubic  inches)  of 
air  is  concerned;  therefore  0.5  X  15  x  tiO  x  1\  —  lO.SOO 
''  liters  (375  cubic  feet)  is  the  quantity  of  air  breathed  under 
ordimiry  circumstances  by  each  person  in  a  day. 

Hygienic  Remarks.  Since  tlie  diapliragni  wlien  it  eon- 
tracts  pushes  down  the  abdominal  viscera  benealli  it.  these 
have  to  make  room  for  tliemselves  by  pusliing  out  the  soft 
front  of  the  abdomen  whic^li,  accordingly,  protrudes  when  tlie 
<liaphragui  descends,  lli'iice  breatliing  by  tlio  diapliragm, 
being  indicated  on  the  exterior  by  movements  of  the  abdo- 
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men,  is  often  called  "abdominal  respiration;'  as  dtstiuguished 
from  breathitig  by  the  ribs,  called  **  costal  "or  ** chest  breatfi- 
iiig."  Ill  ijotli  m\Qs  \\\iy  diuptiragiriatic  breathing  is  the 
most  inqiortant,  but,  aa  a  rule,  men  and  ehihlren  use  the  ribs 
less  than  adult  women.  8inee  both  abdomen  and  chest  alter- 
nately expand  and  contract  in  healthy  breathing,  anythirig 
whicdi  iniiiedes  their  free  niovenient  m  to  be  avoided;  and  tlie 
tiglU  hiciiig  whii-h  nsed  to  be  thought  elegant  a  few  years 
back,  and  is  still  indulged  in  by  some  who  think  a  distorted 
form  beautiful,  gcriously  impedes  one  of  the  most  important 
functions  of  tlie  Body,  leading,  if  nothing  wor^e,  to  shortness 
of  breath  and  an  incapacity  for  muscular  exertion.  In  ex- 
treme eases  of  tight  lacing  some  organs  are  often  directly 
injured,  weals  of  ifbrous  tissue  being,  for  example,  not  unfre* 
qneritiy  found  developed  on  the  liver,  from  the  pressure  of 
the  lower  ribs  forced  agaiiist  it  by  a  tight  corset. 

The  Aspiration  of  the  Thorax,  As  already  pointed  out, 
the  external  aii'  cannot  press  directly  upon  the  contents  of 
the  thontcic  cavity,  on  account  of  the  rigid  framework  which 
Bujjports  \i%  walls;  it  still,  however,  presses  on  them  indi* 
recily  throngh  the  lungs.  Pushing  on  the  interior  of  these 
with  a  pressure  equal  to  that  exerted  on  the  same  area  by  a 
coltimn  of  mercury  760  mm.  (30  inches)  high,  it  distends 
them  and  forces  them  against  the  inside  of  the  chest-walls, 
the  heart,  the  great  thoracic  blood-vessels,  the  thoracic-duct, 
and  the  other  contents  of  the  chesi-cavity.  This  pressure  is 
nnt  erjnal  to  that  of  the  external  air,  since  some  of  the  total 
air-pressure  on  the  inside  of  the  lungs  is  used  up  in  overcom- 
ing their  elasticity,  and  it  is  only  the  residue  which  pushes 
them  against  the  things  outside  them.  In  expiration  this 
residue  is  eqnal  to  that  exerted  by  a  column  of  mercury  754 
mm.  (29.8  inches)  high.  On  most  parts  of  the  Body  the  at 
mosphcric  presi^nre  acts,  however,  with  full  force.  !*n?8»ii 
on  a444M^  it  f>4t«h€id  4kd  «ktn  aiiciitist  the  soft  parts  beneath, 
and  these  co»mMWM  #he  hload  and  Iym|ih  vessels  among  them; 
and  tfie  yield  in  i?  abdominal  walls  do  not,  like  the  rigid  tho- 
racic wall>«,  carry  the  atmospheric  pressure  themselves,  but 
transmit  it  to  the  contents  of  the  cavity.  It  thus  comes  to 
pass  tliat  the  H<^f^1  and  IjTTTph  in  moiit  Y»tM^t»<>f  ttw  B#dy  arej 
under  a  lTT!rH<»r  ftifwiiipliiPift  pWMye  Xhww  they  are  ex. 
tu  in  the  eH«^t,  and  consequently  these  liqnids  tend  to  flow 
into  the  thorax,  until  the  extra  distention  of  the  vessels  lo 
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which  they  there  aeciimnlate  compensates  for  the  less  exter- 
nal pressure  to  which  those  vessels  are  exposed.  An  equilib- 
rium would  thus  very  soon  be  brought  about  were  it  not  for 
the  respiratory  movements,  in  consequence  of  which  the 
intra-thoracic  pressure  is  alternately  increased  and  dimin- 
ished, and  the  thorax  comes  to  act  as  a  sort  of  BULliUll-i'iTimp 
on  the  contents  of  the  vessels  of  the  Body  outside  it;  thus 
the  respiratory  movements  influence  the  circulation  of  the 
blood  and  the  flow  of  the  lymph. 

Influence  of  the  Respiratory  Movements  upon  the  Cir- 
culation. Suppose  the  chest  in  a  condition  of  normal  expira- 
tion and  the  external  pressure  on  the  blood  in  the  blood-ves- 
sels within  it  and  in  the  heart,  to  have  come,  in  the  manner 
pointed  out  in  the  last  paragraph,  into  equilibrium  with  the 
atmospheric  pressure  exerted  on  the  blood-vessels  of  the  neck 
and  abdomen.  If  an  inspiration  now  occurs,  the  chest  cavity 
being  enlargsd  the  prdtfure  on  all  of  its  contents  will  be  di- 
xoUUfihed.  In  consequence,  air  enters  the  lungs  from  the 
windpipe,  and  blood  enters  the  ven«e  cava?  and  the  riglit  au- 
ricle of  the  heart.  Thus  not  only  the  lungs,  but  the  vi^j^^ 
side  of  thel»«art,  and  the  intra-thoracic  portions  of  the  sys- 
toiHis  vftins  leading  to  it,  are  exf^nJed  duving  an  inspiration ; 
but  the  lungs  being  much  the  most  distensible  take  far  tlie 
greatest  ])art  in  tilling  up  the  increased  space.  The  left  side 
of  the  heart  is  not  much  influenced  as  it  is  filled  from  the 
pulmonary  veins;  and  the  whole  vessels  of  the  lessor  circula- 
tion lying  within  the  cliest,  and  being  all  alTected  in  the 
same  way  at  the  same  time,  the  blood-flow  in  them  is  not  di- 
rectly influenced  by  the  Jispiration  of  the  thorax.  Distention 
of  the  lungs  seems,  however,  to  diminish  the  ca])acity  of  their 
vessels,  and  so  to  a  certain  extent  the  flow  is  influenced;  as 
'J  the  lungs  expand  blood  is  forced  out  of  their  vessels  into  the 

^  '  '  'Wt  auricle,  and  when  they  again  contract  their  vessels  fill 
X  V«  *■*-  ^5p  from  the  right  ventricle.  The  pressure  on  the  thoracic 
^  aorta  being  diminished  in  inspiration,  blood  tends  to  flow  back 

into  it  from  the  abdominal  portion  of  the  vessel,  but  raiiiiot 
enter  the  heart  on  account  of  the  semilunar  valves;  and  the 
back-flow  does  not  in  any  case  equal  the  onflow  due  to  the 
beat  of  the  heart;  so  what  happens  in  the  aor-44t  is  but  a 
sligTif  slowing  of  the  current.  The  general  result  of  all  this 
is  that  the  circulation  is  considerably  assisted.  AVhen  the 
ntiit  fiTpirntinn  occurs,  and  the  pressure  in  the  thorax  again 
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s  regunis 
pressure  on  it  is  increiise<3  and  it  empties  itaelf  faster  into  ita 
abdominal  portion.  The  semilunar  valves  having  i>re vented 
any  regurgitation  into  the  heart,  there  is  neither  gain  nor 
loss  so  far  as  it  is  concerned.  With  the  tivstemic  intr»-tlio- 
racic  veins,  however*  this  is  not  the  case;  the  extra  blood  en- 
tering them  \\&a  already  in  great  part  gone  on  beyond  the 
tricuspid  valve,  and  cannot  flow  hark  during  expiration;  and 
the  pressure  in  tiie  auricle  being  constantly  kepi  low  by  its 
emptying  into  the  ventricle,  the  increased  pressure  on  the 
Yo»a'K?t»¥«»  tends  rather  to  send  blood  on  in^  tko  Iwmri,  than 
back  into  the  extra-thoraeic  veins.  Moreover,  whatever 
blood  tends  to  take  the  latter  course  cannot  do  it  eflfectually 
eince^  although  the  vcni«  cava*  thenjselves  contain  no  valves, 
the  more  distant  veins  which  open  into  them  do.  Conse- 
quently, whatever  eiiijaLJilood  ln*s,  to  use  the  common  plirase, 
been  **  smHteti ''  into  the  intra-tlioracic  ven»  cnvie  in  insi)ira- 
tion  and  has  not  been  sent  already  on  into  the  right  ventricle 
before  expiration  occurs,  is,  on  acconnt  of  the  venous  valves, 
impriaoTied  in  the  eavse  under  an  irnirtiUB^i  -t*ryasure  during 
expiration;  and  tliis  tends  to  make  it  How  faster  into  the  au- 
ricle during  the  diastole  of  the  latter.  How  much  the  alter- 
nating respindory  movements  assist  the  venous  flow^  is  shown 
by  the  dilation  of  the  veins  of  the  licad  and  neck  which  oc- 
curs when  a  person  ia^ltolJiiig  hi«  breath  Pan d  the  blacknesB 
for  the  face,  from  distention  of  the  veins  ami  etagnation  of 
the  capilhiry  flow,  which  occurs  during  a  prolonged  fit  of 
4»U4^ng,  which  is  a  serica  oi  eypinttnrr  efforts  without  any 
inspirations. 

On  the  whole  the  influence  of  the  TWptTRtiyry  movements 
OTt  the  bhai^td^ttfuy  is  such  as  tfrlsxjSJtSttSIB^bVlinu  and  to 
imped'e  ft  <Jfipingi<KJipimttou.  This  influence  very  often  sliow^a 
itself  on  tracings  of  arterial  pressure  taken  as  dcgcril>cd  in 
Chap.  XVIIL  Such  tracings  u?^nally  sIujw  in  athlition  to  the 
pulse  wavcR,  slower  and  greater  rises  and  falls  of  pressure 
which  have  the  same  rhythm  jis  the  respiration.  In  general,  *^j 
the  tidfi_aL_pru&sure  in  these  respirnlort/  wnvrs  of  hlcKKl-pres-^^^ 
an  re  is  synchronous  with  innf^trntiion  and  the  fall  with  expira- 
tion, hut  not  exactly.  The  changes  manifest  themselves  on 
the  hi ofid- pressure  curve  a  little  later  than  the  commencement 
of  the  thoracic  movement  which  leads  to  thcmj  the  rise  be- 

{^  ^  C/*JCw.  JU[.  ^........uMj}  ^  ^^^  '^^  J 
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ginning  a  little  after  the  beginning  of  inspiration,  the  fall  a 
little  later  than  the  eoniniencenient  of  expiration. 

In  still  another  way  the  aspiration  of  the  thorax  assists 
the  heart.  The  heart  and  lungs  are  both  distensible,  though 
in  different  degrees,  and  each  is  stretched  in  the  chest  some- 
what beyond  its  natural  size;  the  one  by  the  atmospheric 
pressure  directly,  the  other  by  that  pressure  indirectly  ex- 
erted through  the  blood  exposed  to  it  in  the  extra-thoracic 
veins.  Supposing,  therefore,  the  heart  suddenly  to  shrink,  it 
would  leave  more  space  in  the  chest  to  be  filled  by  the  lungs; 
these  must  accordingly,  at  each  cardiac  systole,  expand  a  lit- 
tle to  fill  the  extra  room,  just  as  they  do  when  the  space 
around  them  is  otherwise  enlarged,  as  during  an  inspiration. 
The  elasticity  of  the  lungs,  however,  causes  them  to  resist 
this  distention  and  oppose  the  cardiac  systole.  The  matter 
may  be  made  clear  by  an  arrangement  like  that  in  Fig.  131. 
A  is  an  air-tight  vessel  with  a  tube,  e,  provided  with  a  stop- 
oocky  leading  from  it;  ^  is  a  highly  distensible  elastic  bag  in 
free  communication  through  d  with  the 
exterior;  and  c,  representing  the  heart, 
is  a  less  extensible  sac,  from  which  a 
tube  leads  and  dips  under  water  in  the 
vessel  B,  If  air  be  punipcHi  out  through 
e  both  bags  will  dilate,  h  filling  with  air, 
and  c  with  water  driven  uj)  by  atmos- 
pheric pressure.  Ultimately,  if  suffi- 
ciently extensible,  they  would  fill  the 
whole  space,  the  thinner-walled,  b,  occu- 
pying most  of  it.  If  then  the  stop-cock 
be  closed,  things  will  remain  in  equilib- 
rium, each  bag  striving  to  collapse  and 
so  exerting  a  pull  on  the  other,  for  if  h 
shrinks  c  must  expand  and  vice  versa. 
If  c  suddenly  shrink,  as  the  heart  does  in  its  systole,  h  will 
dilate;  but  as  soon  as  the  systole  of  c  ceases,  b  will  shrink 
again  and  pull  c  out  to  its  previous  size.  In  the  same  way, 
altar  the  oanliac  stystole,  when  the  iTreaT^waWa  relax,  the  lungs 
p»ll  them  mi^i  again  and  dilate  the  w^an.  The  contracting 
heart  thus  expends  some  of  its  work  in  overcoming  the  elas- 
ticity of  the  lungs,  which  opposes  their  expansion  to  fill  the 
space  left  by  the  smaller  heart;  but  during  the  diasttitle  of 
the  heart  this  work  is  utilized  to  pull  out  its  walls  again,  and 
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on  the  circulation  uf  the 
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fito  it,  Since  the  normal  heart  has  mascnlar 
power,  and  to  spare,  for  its  systole,  this  arrangement,  by 
which  some  of  tlie  work  then  spent  is  gtored  away  to  assist 
the  diastole,  which  cannot  be  directly  performed  by  cardiac 
mnscles,  is  of  Bervice  to  it  on  the  whole.  It  is  a  pUyi^iologica] 
though  not  a  mechanical  ad¥antHgo;  no  wtjrk  ponrer  is 
gained,  but  what  there  m^  \^  better  diotriWted. 

Iniluenca  of  the  Respiration  on  the  Lymph-Plow* 
During  inspiration,  when  intra-thoracic  pressnre  is  lowered, 
lymph  is  pressed  into  the  thoracic  duct  from  the  abdominal 
lymphatics.  In  _expiration«  when  thoracic  pressure  rises 
again,  the  extra  lymph  cannot  fiow  back  on  account  of  the 
valves  in  the  lymphatic  vessels,  and  it  is  consequently  driven 
on  to  the  cervical  ending  of  the  thoracic  duct.  The  breath- 
ing movements  thus  pump  the  lympli  on. 


CHAPTER    XXVL 

THE  CHEMISTRY  OF  RESPIRATION. 

Kature  of  the  Bzoblame.  The  study  of  the  respiratory 
process  from  a  chemical  standpoint  has  for  its  object  to  dis- 
cover what  are,  iu  kind  and  extent,  the  interchanges  between 
the  air  in  the  hmgs  and  the  blood  in  the  pulmonary  capilla- 
xies;  and  the  nature  and  amount  of  the  corresponding  gjiseous 
•changes  between  the  living  tissues,  and  tlie  blood  in  tlie  sys- 
temic capillaries.  Neglecting  some  oxygen  used  up  otlierwise 
than  in  forming  carbon  dioxide,  and  some  carbon  dioxide  elim- 
inated by  other  organs  than  the  lungs,  these  processes  in  tlie 
long-run  balance,  the  blood  losing  as  much  carbon  dioxide  giis 
in  the  lungs  as  it  gains  elsewhere,  and  gaining  as  mucli  oxygen 
in  the  lungs  as  it  loses  in  the  systemic  capillaries.  To  compre- 
hend the  niatlor  it  is  necessary  to  know  the  physical  and  chemical 
conditions  of  these  gases  in  the  lungs,  in  the  blood,  and  in  tlie 
tissues  generally;  for  only  so  can  we  understand  how  it  is  that 
in  different  localities  of  the  Body  such  exactly  contrary  pro- 
cesses occur.  So  far  as  the  problems  connected  with  the 
external'  respiration  are  concerned  our  knowledge  is  tolerably 
complete;  but  as  regards  the  internal  respiration,  taking 
place  all  through  the  Body,  much  has  yet  to  be  learnt; 
we  know  that  a  muscle  at  work  gives  more  carbon  dioxide 
to  the  blood  than  one  at  rest  and  takes  more  oxygen  from 
it,  but  how  much  of  the  one  it  gives  and  of  the  other  it 
takes  is  only  known  approximately;  jvs  are  the  conditions 
under  which  this  greater  interchange  during  the  activity 
of  the  muscular  tissue  is  effected:  and  concerning  nearly 
all  the  other  issues  we  know  even  less  than  about  muscle. 
In  fact,  as  regards  the  Body  as  a  whole,  it  is  compara- 
tively eiisy  to  find  how  great  its  gaseous  interchanges  with 
the  air  are    during  work  and  rest,  waking  and  sleeping. 
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while  fasting  or  digesting,  aiul  so  on  ;  bnt  when  it  comes  to 
be  <Jecided  what  organs  are  concerned  in  each  ctiae  in  jiro- 
ducing  the  greater  or  less  exchange,  ajid  how  much  uf  the 
whole  is  due  to  each  of  them,  the  <ine8tion  is  one  fur  more 
difficult  to  settle  and  still  very  fur  from  complt'tely  answered. 

The  Changes  Produced  in  Air  by  being  once  Breathed. 
These  are  fourfold — changes  in  its  temperature,  in  its  mois- 
ture, in  its  chemical  composition,  and  it^  volnnie. 

The  air  taken  into  the  lungs  is  nearly  always  cooler  than 
that  expired,  which  has  a  lemperature  of  about  36""  C  (1*7** 
F,).  The  temperature  of  a  room  is  usually  less  than  ""IV  G. 
(70'"  F,),  The  warmer  the  inspired  air  the  less,  of  course,  the 
heat  which  is  lost  to  the  Body  in  the  breathing  process;  its 
average  amount  is  calculated  as  about  equal  to  50  calories  in 
twenty-four  hours;  a  calorie  being  as  much  heat  as  will  raise 
the  temperature  of  one  kilogram  (2.2  lbs.)  of  water  one  degree 
centigrade  (i.S^F.)- 

The  inspired  air  always  contains  more  or  less  water  vapor, 
bnt  is  rarely  saturated;  that  is,  rarely  contains  so  much  but  it 
can  take  u  p  more  without  showing  it  as  mist ;  the  warmer  air  is, 
the  more  water  vapor  it  requires  to  saturate  it.  The  *"^pirft4i 
air  is  naaxly  wiimn>4€ni  for  the  temperature  at  which  it  leaves 
the  Body,  m  is  readily  shown  by  the  water  deposited  when  it 
is  slightly  cooled^,  as  wiien  a  mirror  is  breathed  upon;  or  by 
the  clouds  seen  issuing  from  the  nostrils  on  a  frosty  day, 
these  being  duo  to  the  fact  that  the  air. as  soon  as  it  is  cooled, 
cannot  hold  all  the  water  vapor  which  it  took  up  when 
warmed  in  the  Body.  Air,  therefore,  when  breathed  once, 
gains  waiter  vapor  and  carries  it  of!  from  the  lungs;  the 
actual  amount  being  subject  to  variation  with  the  tempera- 
tare  and  saturation  of  the  inspired  air:  the  cooler  and  drier 
that  is,  the  more  w^ater  will  it  gain  when  breathed.  On  an 
average  the  amount  thus  carried  off  in  bwtmtif  "fuur  hours  is 
about  355  grams  fft~4jmkCiai).  To  evaporate  this  water  in  the 
lungs  an  amount  of  heat  is  required,  which  disappears  for 
this  purpose  in  the  Boily,  to  reappear  again  outside  it  when 
the  water  vapor  condenses.  The  amount  of  heat  taken  off  in 
this  way  during  the  day  is  about  148  calories.  The  total  daily 
loss  of  heat  from  tht*  Body  through  the  lungs  is  therefor© 
198  calories,  50  in  warming  the  inspired  air  aiid  148  in  the 
evaporation  of  water. 

The    most    important   changes    brought    about    in    the 
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breathed  air  are  those  in   its  chemical  composition.    Pure 
air  when  completely  dried  consists  in  each  100  parts  of — 

By  Volume.  By  Weight. 

Oxygen 20.8  23 

Nitrogen 79.2  77 

Ordinary  atmospheric  air  contains  in  addition  4  volumes 
of  carbon  dioxide  in  10,000,  or  0.04  in  100,  a  quantity  which, 
for  practical  purposes,  may  be  neglected.  When  breatlied 
once,  such  air  gains  rather  more  than  4  volumes  in  100  of 
carbon  dioxide,  and  loses  rather  more  than  5  of  oxygen. 
More  accurately,  100  volumes  of  expired  air  after  drying  give 
98.9  volumes,  which  consist  of — 

Oxygen 15.4 

Nitrogen 79.2 

Carbon  dioxide 4.3 

The  expired  air  also  contains  volatile  organic  substances 
in  quantities  too  minute  for  chemical  analysis,  but  readily 
detected  by  the  nose  upon  coming  into  a  close  room  in  which 
a  number  of  persons  have  been  collected. 

Since  10,800  litres  (375  cubic  feet)  of  air  are  breathed  in 
twenty-four  hours  and  lose  5.4  per  cent  of  oxygen,  the  total 
quantity  of  this  gas  taken  up  in  the  lungs  daily  is  10,800  X 
5.4  -7-  100  =  583.2  litres  (20.4  cubic  feet).  One  litre  of 
oxygen  measured  at  0°  C.  (32"  F.)  and  under  a  pressure  equal 
to  one  atmosphere,  weighs  1.43  grams,  so  the  total  weight  of 
oxygen  taken  up  by  the  lungs  daily  is  583.2  X  1.43  =  833.9 
grams.  Or,  using  inches  and  grains  as  standards,  44.5  cubic 
inches  of  oxygen  at  the  above  temperature  and  pressuie 
weigh  almost  exactly  16  grains,  so  the  20.4  cubic  feet  ab- 
sorbed in  the  lungs  daily  weigh  20.4  x  1T28  -f-  44.5  X  16  = 
12,818  grains. 

The  amount  of  carbon  dioxide  excreted  from  the  lungs 
being  4.3  per  cent  of  the  volume  of  the  air  breathed  daily,  is 
10,800  X  4.3  -7-  100  =  464.4  litres  (16.25  cubic  feet)  measured 
at  the  normal  temperature  and  pressure.  Tliis  volume 
weighs  910  grams,  or  14,105  grains. 

If  the  expired  air  be  measured  as  it  leaves  the  Body  its 
bulk  will  be  found  greater  than  that  of  the  inspired  air,  since 
it  not  only  has  water  vapor  added  to  it,  but  is  expanded  in 
consequence  of  its  higher  temperature.  If,  however,  it  be 
dried  and  reduced  to  the  same  temperature  as  the  inspired 
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air  its  vohmie  will  be  found  diininislierK  since  it  has  lost  5,4 
volumes  per  cent  of  oxygen  and  (ruined  niAy  4.3  of  carbon 
dioxide.  In  round  numbers,  luo  vulumes  of  dry  inspired  air 
iit  zero,  give  99  voiuTnc^^  of  dry  expired  air  measured  at  ilie 
same  temperature  anil  pressure. 

Ventilation.  Since  at  every  breath  some  oxygen  is  taken 
from  the  air  and  some  curbon  dinxide  given  to  it»  were  the 
atuiospliere  around  a  living  mati  not  reuewed  he  would,  at 
last,  be  nnable  to  get  from  the  air  tlie  oxygen  he  required  ;  he 
would  die  of  oxygen  starvation  or  be  snffoatted^  as  such  a 
motle  of  death  is  ctdled,ivs  surely,  thougli  not  ijiiite  so  fast,  as 
if  he  were  ptit  nruler  the  receiver  of  an  air*punip  and  all  the 
air  around  liim  removed.  Hence  tlie  necessity  uf  ventilation 
to  supply  fresli  air  in  place  of  that  breatlied,  and  clearly  the 
amount  of  fresh  air  requisite  mui?t  be  deternjined  by  the 
nnmt>er  of  persons  collected  in  a  room;  the  supply  wliich 
would  be  ample  for  one  person  would  he  insuflficient  for  two. 
Moreover  (ires,  gas,  and  oil  lamps,  all  use  up  the  oxygen  of 
the  air  and  give  carbon  dioxide  to  it,  and  hence  calculation 
must  he  made  for  them  in  arranging  for  tlie  ventilation  of  a 
building  in  which  tiiey  are  to  be  employed. 

In  order  that  air  be  unwholesome  to  breathe,  it  is  by  no 
means  necessary  that  it  have  lost  so  much  of  its  oxygen  as  to 
make  it  difficult  for  the  Body  to  get  what  it  wants  of  that 
gas.  The  evil  results  of  insufficient  air*supply  are  rarely,  if 
ever,  due  to  that  cause  even  in  the  worst- ventilated  room  for, 
as  we  shall  see  hereafter,  the  Mood  is  able  to  take  whatf 
oxygen  it  wants  from  air  contaitnng  comparatively  little  of 
that  gas.  The  beadat-he  and  drowsiness  which  come  on  from 
sitting  in  a  badly  ventilated  room,  and  the  want  of  energy 
and  general  ill-health  which  result  from  permanently  living  in 
such,  are  dependent  on  a  st^wpiiiiytting  of  the  Budy  Iiy  the 
reahgoTption  of  the  things  eliminated  from  the  lungs  in 
previous  expirations.  What  these  are  is  not  accurately 
known;  they  doubtless  belong  to  those  uolatilu  bodies  men- 
tioned above,  as  carrie<l  otl  in  minute  qnantiMes  in  each 
breath;  since  observation  shows  that  the  air  becomes  injuri- 
ous long  before  the  amount  of  carbon  dioxide  in  it  is  suffi- 
cient to  do  airy  harm.  Breathing  air  containing  one  or  two 
per  cent  of  that  gas  producerl  by  ordinary  chemical  methods 
does  no  particular  injury,  but  breathing  air  containing  one 
per  cent  of  it  produced  by  respiration  is  decidedly  injurious, 
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because  of  the  other  things  sent  out  of  the  lungs  at  the  same 
time.  Carbon  dioxide  itself,  at  least  in  any  such  percentage 
as  is  commonly  found  in  a  room,  is  not  poisonous,  as  used  to 
be  believed,  but,  since  it  is  tolerably  easily  estimated  in  air, 
while  the  lictually  injurious  substances  evolved  in  breathing 
are  not,  the  purity  or  foulness  of  the  air  in  a  room  is  usually 
determined  by  finding  the  percentage  of  carbon  dioxide 
in  it:  it  must  be  borne  in  mind  that  to  mean  much  this 
carbon  dioxide  must  have  been  produced  by  breathing;  the 
amount  of  it  found  is  in  itself  no  guide  to  the  quantity 
of  really  important  injurious  substances  present.  Of  course 
when  a  great  deal  of  carbon  dioxide  is  present  tlie  air  is 
irrespirable:  as  for  example  sometimes  at  the  bottom  of 
wells  or  brewing-vats. 

In  one  minute  .5  X  15  =  7.5  liters  (0.254  cubic  feet)  of 
air  are  breathed  and  this  is  vitiated  with  carbon  dioxide 
to  the  extent  of  rather  more  than  four  per  cent;  mixed 
with  three  times  its  volume  of  extenial  air,  it  would  give 
thirty  liters  (a  little  over  one  cubic  foot)  vitiated  to  the 
extent  of  one  per  cent,  and  such  air  is  not  resj)irable  for 
any  length  of  time  with  safety.  The  result  of  breathing  it 
for  an  evening  is  headache  and  general  malaise ;  of  breath- 
ing it  for  weeks  or  niontlis  a  lowered  tone  of  tlie  whole  Body 
— less  ]U)wer  of  work,  physical  or  mental,  and  less  power  of 
resisting  disease;  the  ill  effects  may  not  show  themselves  at 
once,  and  may  accordingly  be  overlooked,  or  considered  scien- 
tific fancies,  by  the  careless;  but  they  are  nevertheless  tliere 
ready  to  manifest  themselves.  In  order  to  have  air  to  breathe 
in  a  fairly  i)iire  state  every  man  should  get  for  his  own 
allowance  at  least  23,000  liters  of  space  to  begin  with 
(about  800  cubic  feet)  and  the  arrangements  for  ventilation 
should,  at  the  very  least,  renew  this  at  the  rate  of  \M)  litres 
(one  cubic  foot)  per  minute.  Tlie  nose  is,  however,  the  best 
guide,  and  it  is  found  that  at  least  five  times  this  supply  of 
fresh  air  is  necessary  to  keep  free  from  odor  a  small  room 
inhabited  by  one  adult.  In  the  more  recently  constructed 
hospitals,  as  a  result  of  experience,  twice  the  above  minimum 
cubic  space  is  allowed  for  each  bed  in  a  ward,  and  the  re- 
placement of  the  old  air  at  a  far  more  rapid  rate  is  also 
provided  for. 

Ventilation  does  not  necessarily  imply  draughts  of  cold 
air,  as  is  too  often  supposed.     In  warming  by  indirect  radia- 
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tion  it  may  readily  be  secured  by  arranging,  in  addition  to 
the  registers  from  which  the  warmed  air  reaches  the  room, 
proper  openings  at  the  oppuaite  side,  by  which  the  old  air 
may  pass  oiT  to  make  room  for  tlie  fresli.  Atr  opPn  Are  in  a 
room  will  always  keep  np  a  current  of  air  throut;;h  it,  and  iB 
the  henlthiest,  Ihongli  not  the  moat  economical,  method  of 
warming  an  apartment. 

Stoves  in  u  room,  unless  constantly  supplied  with  fresh 
air  from  witlmut,  dry  its  air  to  an  unwholesome  extent.  If 
no  appliance  for  providing  tliis  supply  exists  in  a  room,  it 
can  usually  be  got,  without  a  dniugbt*  by  tixing  a  board  about 
four  inches  wide  und(*r  the  lower  stisli  and  shutting  tlie  win- 
dow down  on  it*  B^resh  air  then  comes  in  by  the  opening 
between  the  two  sashes  and  in  a  current  directed  upwards, 
which  gradually  diffuses  itself  over  the  room  without  being 
felt  as  a  draught  at  any  one  point.  In  tlie  method  of  lieating 
by  direct  radiation,  the  apparatus  employed  provides  of  itself 
no  means  of  drawing  fresh  air  into  a  room,  as  the  draught  up 
the  chimney  of  an  open  fireplace  or  of  a  stove  does;  and 
therefore  special  inlet  and  outlet  openings  are  very  necessary. 
Since  few  doors  and  windows,  fortunately,  fit  quite  tight, 
fresh  air  gets  even  into  closed  rooms,  in  tolerable  abundance 
for  one  or  two  inhabitants,  if  there  be  outlets  for  the  air 
already  in  them. 

Changes  undergone  by  the  Blood  in  the  I^ungs,  These 
are  the  exact  reverse  of  tliose  uiidergone  by  tho  breathed  air 
— what  the  air  gains  the  blood  loses,  and  rice  versa.  Con- 
sequently, the  blood  loaea  heat,  and  water,  and  carbon  dioxide 
in  the  pulmonary  capillaries;  and  gains  oxygen.  These 
gains  and  losses  are  accompanied  by  a  change  of  color  from 
the  dark  purple  which  the  blood  exhibits  in  the  pulmonary 
artery,  to  the  bright  scarlet  it  possesses  in  the  pulmonary 
veins. 

The  dependence  of  this  color  change  upon  the  access  of 
fresh  air  to  the  lungs  while  the  blood  is  flowing  through 
them,  can  be  readily  demonstrated.  If  a  rabbit  be  rendered 
unconscious  by  chloroform,  and  its  chest  be  opened,  after  a 
pair  of  bellows  has  been  connected  with  its  windpipe,  it  is 
seen  that,  so  long  as  the  bellows  are  worked  to  keep  up  arti- 
ficial respiration,  the  blood  in  the  right  side  of  the  heart  (as 
seen  through  the  thin  anricle)  and  that  in  the  pulmonary 
artery,  is  dark  colored,  while  that  in  the  pulmonary  veins 
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and  the  left  auricle  is  bright  red.  Let,  however,  the  artificial 
respiratioTi  be  stopped  for  a  few  seconds  and,  consequently, 
the  renewal  of  the  liir  in  the  lungs  (since  an  animal  cannot* 
breathe  for  itself  when  its  chest  ig  opened )» and  very  soon  the 
blood  returns  to  the  left  auricle  as  dark  as  it  left  the  right. 
In  a  very  short  time  symptoms  of  suffocation  show  them- 
selves and  the  animal  dies,  unless  the  bellows  be  again  set  at 
work. 

The  Blood  Gases.  If  fresh  blood  be  rapidly  exposed  to 
as  complete  a  vacuum  as  cau  be  obtained,  it  gives  o^  certain 
gmses,  known  as  the  ifrntunA  \jf  thn  hhml.  These  are  the  same 
in  kind,  but  differ  in  proportion,  in  venous  and  arterial 
blood;  there  being  more  carbon  dioxide  and  less  oxygen  ob- 
tainable from  the  venous  blood  going  to  the  lungs  by  the 
pulmonary  artery,  than  from  the  arteriiil  blood  coming  buck 
to  the  heart  by  the  pulmonary  veins.  The  ga^os  given  off  by 
venous  and  arterial  blood,  measured  under  the  normal  pres- 
finre  and  at  the  normal  temperature,  amount  to  from  58  to  62 
volumes  for  every  100  volumes  of  blood,  and  in  the  two  cases 
are  about  as  follows — 

Venotia  Blood.  ArtorUil  Blood, 

Oxygen 10  20 

Carlioti  dioxide 46  40 

NitrogeQ , 2  % 

It  is  important  to  bear  in  mind  that  while  arterial  blood 
contains  some  carbon  dioxide  that  can  be  removed  by  the 
air-pump,  venous  blood  also  contaitjs  some  oxygen  removable 
in  the  same  way^  so  that  the  difference  between  the  two  is 
only  one  of  degree.  Wlien  an  antyrmt  18  tfHeil  by  enffpentioD, 
however,  the  }mk  #wios  %i  ^gygsn  which  can  be  yielded  up  in 
a  va^Miuiti  ^Irmn^i^mmm  from  the  blood  before  the  heart  ceases 
to  beat.  All  the  blood  uf  such  an  animal  is  what  might  be 
called  suffocation  blood,  and  has  a  far  darker  color  than 
ordinary  venous  blood. 

Tbe  Cause  of  the  Bright  Color  of  Arterial  Blood.  The 
color  of  the  blooi]  depends  on  its  red  corposeles*  since  pure 
blood  plasma  or  blood  serum  is  colorless,  or  at  most  a  very 
faint  straw  yellow.  Hence  the  color  change  which  the  blood 
experiences  in  circulating:  through  the  lungs  must  be  due  to 
some  change  in  its  red  corpuscles.  Now,  minute  solid  bodies 
suspended  in  a  liquid  reflect  more  light  when  they  are  more 
densej  other  things  being  equal ;  and  the  first  thing  that  sug- 
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gests  itself  as  the  cause  of  the  chatige  in  color  of  the  blood  is 
that  its  red  corpuscles  have  shrunk  in  the  pulmonary  circula- 
tion, and  80  reflect  more  light  and  give  the  blood  a  brighter 
look.  This  idea  gains  some  support  from  the  fact  that,  as 
seen  under  the  microscope,  tlie  red  blood  corpuscles  of  some 
animals,  as  the  frog,  do  expand  somewhat  when  exposed  to 
carbon  dioxide  ga^  and  shrink  up  a  little  in  oxygen.  But 
that  this  is  not  the  chief  cause  of  the  color  change  is  readily 
proved.  By  diluting  blood  with  water  the  coloring  matter  of 
the  red  corpuscles  can  be  made  to  pass  out  of  them  and  go 
into  solution  in  the  plasma,  and  it  is  found  that  such  a 
solution,  in  which  there  can  be  no  question  as  to  the  reflect- 
ing powers  of  colored  solid  bodies  suspended  in  it,  is  brighter 
red  when  supplied  with  oxygen  than  when  deprived  of  that 
gas.  This  suggests  that  the  coloring  matter  or  kipmo^hbin 
of  the  red  corpuficlos  combines  with  oxygen  to  form  a  scarlet 
com  pounds  and  when  deprived  of  that  gas  has  a  darker  and 
more  purple  color;  and  other  experiments  confirm  this. 
Hemoglobin  combined  with  oxygen  is  known  as  oxt/ho'mo- 
(fhbifi^  and  it  is  on  its  prcdomimtnce  that  the  color  of  arterial 
blood  depends,  Iliemoglobin  iincombined  with  oxygen, 
sometimes  named  refiucefl  kwmoghhiuy  predominates  in 
venous  blood,  and  is  the  only  kind  found  in  the  blood  of  a 
suffocated  mammal. 

The  Laws  Governing  the  Absorption  of  Qasea  by  a 
Liquid.  In  order  to  understand  the  condition  of  the  gasea 
in  the  blood  lirjuid  it  is  necessary  to  recall  the  general  laws 
in  accordance  with  which  liquids  absorb  gases.  They  are  as 
follows  : 

1.  A  given  volume  of  a  liquid  at  a  definite  temperature  if 
it  absorbs  any  of  a  gas  to  which  it  is  exposed,  and  yet  does 
not  combine  chemically  with  it,  takes  np  a  definite  volume 
of  the  gas.  If  the  gas  be  compressed  the  liquid  will  still,  at 
the  same  temperature,  take  up  the  same  volume  as  before, 
but  now  it  takes  up  a  greater  weight;  and  a  weight  exactly 
as  much  greater  as  the  jirensiire  is  greater,  since  one  volume 
of  a  gas  under  any  pressure  contains  exactly  twice  as  much 
of  the  gas  by  weight  as  the  same  volume  under  half  the  pres- 
sure; and  so  on,  A  liter  or  a  quart  of  water,  for  example, 
exposed  to  the  air  will  dissolve  a  certain  amount  of  oxygen. 
If  the  air  {and  therefore  the  oxygen  in  it)  be  compressed  to 
one  fourth  its  bulk  then  the  water  will  dissolve  exactiv  the 
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same  volume  of  oxygen  as  before,  but  this  volume  of  the 
compressed  gas  will  contain  exactly  four  times  as  much 
oxygen  as  did  the  same  volume  of  the  gas  under  the  original 
pressure;  and  if,  now,  the  pressure  be  again  diminished  the 
oxygen  will  be  given  off  exactly  in  proportion  as  its  pressure 
on  the  surface  of  the  water  decreases.  Finally,  when  a  com- 
plete vacuum  is  formed  above  the  surface  of  the  water,  it  will 
be  found  that  the  latter  has  given  off  all  its  dissolved  oxygen. 
This-^nw,  that  the  ^uaolity:^  a..gaft  dissolved  by  a  liquid 
vacies  directly  as  the  prewure  of  that  gas  on  the  surface  of 
the  liquid  is  known  iis  Dalton's  law. 

2.  The  tffnbiihTdf  Ti*gas.xlissolved  by  a  liquid  depends,  not 
on  the  total  pressure  exerted  by  all  the  gases  pressing  on  its 
surface,  but  on  the  iroe^n -of  the  total  pressure  which  is 
exerted  by  the  particular  gas  in  question.  For  example,  the 
average  atmospheric  pressure  is  equal  to  that  of  a  column 
of  mercury  760  mm.  (30  inches)  high.  But  100  volumes  of 
air  contain  approximately  80  volumes  of  nitrogen  and  :io  of 
oxygen :  therefore  J  of  the  total  pressure  is  due  to  oxygen 
and  \  to  nitrogen  :  and  the  amount  of  oxygen  absorbed  by 
water  is  just  tlie  same  as  if  all  the  nitrogen  were  removed 
from  tlie  air  and  its  total  pressure  therefore  reduced  to  \  of 
760  mm.  (30  inches)  of  mercury ;  tliat  is,  to  15*^*  mm.  (G  inches) 
of  mercury  pressure.  It  is  only  the  fraction  of  the  total 
pressure  exerted  by  the  oxygen  itself  which  atTects  the 
quantity  absorbed  by  water  at  any  given  temperature.  8o, 
too,  of  all  the  atnios])heric  pressure  J  is  due  to  nitrogen,  and 
all  the  oxygen  might  be  removed  from  the  air  without  atTect- 
ing  tlie  quantity  of  nitrogen  which  would  be  absorbed  from 
it  by  a  given  volume  of  water.  The  atmo.spheric  ])ressure 
would  then  be  \  of  760  mm.  of  mercury,  or  608  mm.  (24 
inches),  but  it  would  all  be  due  to  nitrogen  gits — and  be 
exactly  equal  to  the  fraction  of  the  total  pressure  due  to  that 
gas  before  the  oxygen  was  removed  from  the  air.  Wlien 
several  gases  are  mixed  together  the  fraction  of  the  total  pres- 
sure exerted  by  each  one  is  known  as  the  partial  pressure  of 
that  gas;  and  it  is  this  j)artial  pressure  which  determines  the 
amount  of  each  individual  gas  dissolved  by  a  liquid.  If  a 
liquid  exposed  to  the  air  for  some  time  had  taken  up  all  the 
oxygen  and  nitrogen  it  could  at  the  jmrtial  pressures  of 
those  gases  in  the  air,  and  were  then  put  in  an  atmosphere 
in  which  the  oxygen  had  all  been  replaced  by  nitrogen,  it 
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which  combines  with  it  iiiider  some  partial  pressures  of  that 
gas,  but  gives  it  up  uiiiler  lower. 

Blood  phis  111  a.  or,  what  comes  to  the  same  thiog,  fresh 
serum,  exposed  to  the  air,  takes  up  no  more  oxygeu  than  so 
much  water:  about  0,5 1>  volumes  of  the  gas  for  every  100  of 
the  liquid,  at  a  temperature  of  20'' C.  At  the  temperature 
of  the  Body  the  volume  absorbed  would  be  still  less.  This 
quantity  obeys  Dal  ton's  law. 

If  fresh  whipped  blood  be  employed,  the  quantity  of  oxy- 
gen taken  up  is  much  greater;  this  extra  quantity  must  be 
taken  up  !>y  tlie  red  corpuscles  (in  possessing  which  whipped 
blood  alone  differs  from  blood  serum)  and  it  does  not  obey 
Dalton's  law.  If  the  partial  pressure  of  oxygen  on  the  sur- 
face of  the  whipped  blood  be  doubled,  only  as  nnich  more 
oxygen  will  be  taken  up  as  corresponds  to  tijat  dissolved  in 
the  senim:  and  if  the  partial  pressure  of  oxygen  on  its  sur- 
face be  reduced  to  one  half,  only  a  very  small  amount  of 
oxygen  (one  half  of  that  dissolved  by  the  serum)  will  be  given 
off.  All  the  much  larger  quantity  taken  up  by  the  red  corpus- 
cles will  be  unaffected  and  must  therefore  be  chemically  com- 
bined with  something  in  them.  Since  90  per  cent  of  their 
dry  weiglit  is  ba?moglobin,  and  this  body  when  prepared 
pure  is  found  capable  of  combining  with  oxygen,  there  is 
no  doubt  that  it  is  the  hfenioglobin  in  the  circulating  blood 
which  carries  around  most  of  its  oxygen*  The  red  corpuscles 
arc  so  many  little  packages  in  which  oxygen  is  stowed  away. 

The  compouud  formed  between  oxygen  and  haemoglobin 
is,  however,  a  very  feeble  one;  the  two  oa8ilj--eeparate,  and 
always  do  so  when  the  oxygen  pressure  in  the  liquid  or  gas 
to  which  the  oxyhfemoglobiu  is  exposed  falls  bdnw  ft^^iil" 
limetera  of  mercury.  Hence,  in  an  air-pump,  the  blood  only 
gives  off  some  of  its  small  portion  of  merely  dissolved  oxygen, 
until  the  pressure  falls  to  about  ^  of  an  atmosphere,  that  is 
to  ^^^  =  r^5  mm»  (5  inches)  of  mercury,  of  w^hich  total 
pressure  one  fifth  (*ir»  millimeters  or  l-iucti)  is  due  to  the^/ 
oxyt/en  present.  As  soon  as  tliis  limit  is  passed  the  hemo- 
globin i^ives  up  its  oxygen  with  u  rush. 

ConBeqnences  of  the  Peculiar  Way  in  which  the  Oxy- 
gen  of  the  Blood  is  Held.  The  first,  and  most  important, 
is  that  the  blootl  can  take  up  far  more  oxygen  in  tlie  lungs 
than  would  ^Hherwise  be  possible.  Since  blood  serum  ex- 
posed to  pure  oxygen  takes  up  only  '.\  volumes  for  100,  blood 


exposed  to  the  air  would  take  up  one  fifth  only  of  that  amount 
at  ordiuary  temperatures,  and  still  less  at  the  temperature  of 
the  Body,  were  tt  not  for  its  hjemoglobin.  In  the  lungs  even 
h&s  would  be  taken  up,  since  the  air  in  the  air-celle  of  those 
organs  is  poorer  in  oxygen  than  the  external  air;  and  conse- 
quently the  partial  pressure  of  that  gas  in  it  ig  lower.  The 
tidal  air  taken  in  at  each  breath  serves  merely  to  renew 
directly  the  air  in  the  big  bronchi;  the  deeper  we  examine 
the  pulmonary  air  the  less  oxygen  and  more  carbon  dioxide 
would  be  found;  in  the  hiyers  farthest  from  the  exterior  and 
only  renewed  by  diffusion  witb  the  air  of  the  larg^o  bronchi, 
it  is  eeitimated  that  the  oxv^vn  in,lvi\i  i^  in  -irrh  quantity 
that  its  partial  pressure  is  vi^iml  to  i:>u  milliuiuters  of  mer- 
cury, instead  of  152  as  in  ordinary  air.  In  the  second  place, 
on  account  of  the  way  in  which  haemoglobin  combines  with 
oxygen,  the  quantity  of  that  gas  taken  up  by  the  blood  is 
independent  of  sucli  variations  of  its  partial  pressure  in  the 
atmosphere  as  we  are  subjected  to  in  daily  life.  At  the  top 
of  a  high  f»««fUaiu,  for  example,  the  atmos]>henc  pressure 
is  greatly  diminished,  but  still  mountairjepn!'  'Can  hrealtf 
freely  and  get  all  the  oxygen  they  want;  the  dittress  feh  for 
a  time  hy  persons  unused  to  living  in  high  altitudes  is  due 
mainly  to  '^'rr^^**^'^' \  ■'■  '^^irhflnr"°  resulting  from  the  iwi^ 
atmospheric  preeBtire.  So  long  as  the  partial  pressure  of  that 
gas  in  the  lung  air-cells  is  above  25  millimeters  of  mercury* 
the  amouutoi  it  tjiketi  up  by  the  blood  depends  on  how  mneh 
htrrnrnrtTTbiTi  there  is  in  that  lirpiid  and  ttet-0»  how  much 
oxvtfef*  there  is  in  the  air.  So,  too,  hreatlung  pure  oxygen 
under  a  pressure  of  one  atmosphere,  or  air  compressed  to 
one  half  or  a  fourth  its  normal  bulk,  does  not  increase  the 
quantity  of  oxygen  absorbed  by  the  blood,  apart  from  the  small 
extra  quantity  dissolved  hy  the  plasma.  The  widespread  state-* 
ments  as  to  the  exhilaration  caused  by  breathing  pure  oxygem 
are  erretwrnis^  being  founded  on  experiments  made  with  im-* 
pare  gas. 

The  General  Oxygen  Interchangee  in  the  Blood.  Sup- 
pose we  have  a  rpiantity  of  arterial  blood  in  the  aorta.  This, 
fresh  from  the  lungs*  will  have  its  hemoglobin  almost  fully 
combined  with  oxygen  and  in  the  state  of  oxyhEemoglobin, 
In  the  blood  plasma  some  more  oxygen  will  be  dissolved,  viz., 
80  much  as  answers  to  a  pressure  of  that  gas  equal  to  130 
mm.  (5.2  inches)  of  mercury,  which  is  the  partial  pressure  of 


410 


TUE  HUMAN  BODY. 


oxygen  m  the  pulmonary  air-cells.    This  temion  of  the  gas 

in  the  planum  will  be  more  than  eitl!icient  to  keep  the  haBino- 
R^^/Uu^  globin  from  giving  off  its  uxyrr^n.  Suppose  the  hlwHl  now 
1  —  entera  the  oapillMi^  t>f  a  munele.  In  the  liquid  moigtening 
m^O-^  y  Tills  or^an  the  ax3i:geji  teniiiun  i*  almost  nil,  since  tlie  i\m^^ 
R^,L^r»^ekinents  are  steadily  inking  tlie  pis  up  from  the  lymph 
^r^s  around  them.  Consequently*  through  tlie  capillary  walls, 
►•'^'"^'^  the  plasma  wiH  pre  off  oxygen  until  the  t^ecsion  of  that  gas 
in  it  falls  bel^w  *^  mill i meters  of  mercury,  louiifiditttely 
some  of  the  oxyhi^mo^lobfn  tendcoonifkosed^  and  the  oxygen 
liberated  is  dissolved  in  the  pi—tua,  and  from  there  next 
passeil  on  to  the  lymph  outside;  and  so  the  tension  in  the 
phwrna  is  once  more  lowered  and  more  oxy haemoglobin  decom- 
posed»  This  goes  on  so  long  as  the  blood  is  in  the  capillaries 
of  the  muscle,  or  at  any  rate  so  long  as  the  muscular  fibres 
keep  on  taking  oxygen  from  the  lymph  bathing  them;  if 
they  cease  to  do  so  of  course  the  tension  of  that  gas  in  the 
lymph  will  soon  come  to  equal  that  in  the  plasma:  the  latter 
will  therefore  cease  to  yield  oxygen  to  the  former;  and  so 
tnaintain  its  tension  (by  the  oxygen  received  from  the  last 
decomposed  oxyluemoglobin)  at  a  point  which  will  prevent 
tlie  liberation  of  any  more  oxygen  from  such  red  corpuscles 
as  have  jiotyot  given  all  of  theirs  up.  The  blood  will  now  go 
on  as  ordinary  venous  blood  into  the  veins  of  the  muscle 
and  80  back  to  the  lungs.  It  will  consist  of  (1)  plasma  with 
oxygen  dissolved  in  it  at  a  tension  of  about  25  millimeters 
(1  inch)  of  Tncrcury.  (2)  A  number  of  red  corpuscles  con- 
taining reiluced  hamioglobiu.  (3)  A  number  of  red  corpns- 
cles  containing  oxyhiemoglobin*  Or  perhaps  all  of  the  red 
corpuscles  will  contain  some  reduced  and  some  oxidized 
hfemoglobin.  The  relative  proportion  of  reduced  and  un- 
reduced hienioglobin  will  depend  on  how  active  the  muscle 
had  been ;  if  it  worked  while  the  blood  flowed  through  it,  it  will 
have  used  up  more  oxygen,  and  the  blood  leaving  it  will  con- 
sequently he  more  venous,  than  if  it  rested.  This  venous 
bloo<l,  returning  to  the  heart,  is  sent  on  to  the  pulmouarj 
capillaries.  Here,  the  partial  pressure  of  oxygen  in  the  air- 
cells  being  130  mm.  {5.2  inches)  and  that  in  the  blood 
plasma  much  less,  oxygen  will  he  taken  up  by  the  latter,  and 
the  tension  of  that  gas  in  the  plasma  tend  to  be  raised  above 
the  limit  at  which  hsBmoglobin  combines  with  it  Hence,  as 
fast  as  the  plasma  gets  oxygen  those  red  corpuscles  which 
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contain  any  reduced  liaemoglobfn  rob  it,  and  so  its  oxygen 
tension  is  kept  down  below  that  in  the  air-cella  until  all  the 
hii^moglobiu  is  satisfied.  Then  the  oxygen  tension  of  the 
plasma  rises  to  that  of  the  gas  in  the  air-cells;  no  more 
oxygen  is  absorbed,  aTui  the  blood  returns  to  the  left  auricle 
of  the  heart  in  tlie  same  eondition,  so  far  as  oxygen  is  con- 
cerncil,  as  when  we  commenced  to  follow  it. 

The  Carbon  Dio^de  of  the  Blood.     The   same  general 
laws  apply  to  this  as  to  the  blood  oxygen*     The  gas  is  partly 
T_ I   '^J^  merely  disaolved  and  partly  in  a  loose  chemical  combination  . 
^^       much  like  that  of  oxygen   with   hiemoglobin,  but   the  body  iM 
with  which  it  combines  probably  exists  in  the  plasma  more 
than  in  the  red  corpuscles;  what  it  may  be  is  not  certainly  =  Ifl  a  Hi 
known.     Besides    this,  some  more  carbon   dioxide  is  stably  |'/i    t 
combined  and  is  only  given  off  on  the  addition  of  a  stronger     "^     .      . 
acid.     The  jmrtial  pressure  of  carbon  dioxide  in  the  pulmo-"^  M.*^  ^  j 
nary  air-cells  is  abont  40  mm.  (LO  inches)  of  mercury.     There- «  Um^^ji. 
fore  the  tension   of  that  gas  in    the   pulmonary   capillaries  ,  , 

must  be  more  than  this.  On  the  other  hand  its  tension  in 
arterial  blood  must  be  less  than  that  in  the  lymph  around 
the  tissues;  otherwise  it  could  not  enter  the  blood   in  the 


systemic   circulation,  which  it  does,  as  proved  by  the  fact.  /  f 

that  100  vols,  of  venous  blood  give  off  46  of  this  gas,  and  100 ^^^"^^^  ^ 
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vols,  of  arterial  only  40.  -:!3ij 

The  nitrogen  dissolved  in  the  blood  is,  so  far  aa  we  know,/ 
quite  unimportant,  \-tcJM 

Internal  Respiration.     As  to  the  amount  of  oxygen  used  A,    f\  (}^ 
by  each  tissue  and  the  quantity  of  carbon  dioxide  produced       ^ 
by  it  we  know  but  little;  the  following  points  seem,  however,     *"'?  '*  > 
tolerably  certain : 

1,  The  amount  of  carbon  dioxide  produced  in  an  organ 
in  a  given  tinie  bears  no  constant  ratio  to  the  amount  of 
oxygen  taken  up  by  it  simultaneously.  This  is  certainly 
true  of  muscle,  for  experiment  shows;  that  muscular  work 
if  really  severe  leads  to  an  elimination  of  carbon  dioxide 
containing  more  oxygen  than  tlie  total  oxygen  taken  up  from 
tliti  lungs  at  the  same  time.  The  bnkince  is  of  course  made 
uj)  in  subsequent  pwioda  ol^«r#at,  when  more  free  oxygen  is 
taken  up  than  is  eliminated  in  combination  during  the  same 
time.  Moreover,  a  frog*s  muscle  excised  from  the  body  and 
put  in  an  atmosphere  containing  no  oxygen  and  made  there 
to  contract,  will  evolve  with  each  contraction  considerable 
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quantities  of  carbon  dioxide— altboiigh  from  the  eonditious 
of  the  experiment  it  can  receive  from  outside  no  uncombiued 
oxygen,  and  other  experiments  show  that  it  contains  none* 
Hence  the  living  muscular  fibre  must  contain  a  substance 
which  is  decomposed  during  activity  and  yiekis  carbon 
dioxide  as  one  product  of  decomposition;  and  this  quite  in- 
dependent of  any  &imuUaneons  direct  oxidation. 

2.  What  is  true  of  muscle  is  probably  true  of  most  of  the 
tiBSues.  Dtmn^  ir^  they  tafca  ttf>»ftiy§ftHi  ati«l  fix  it  in  the 
form  of  complex  compounds,  bodies  which,  like  ntK^»«glyt$er- 
ine,  are  readily  decomposed  into  simpler,  and  in  such  decom- 
positions liberate  energy  which  is  used  by  the  working  tissue. 
One  product  of  the  decomposition  is  the  highly  oxidized 
carbon  dioxide,  and  this  is  eliminated;  other  products  are 
less  oxidized,  and  possibly  are  not  eliminated  but  built  up 
again,  with  fresli  oxygen  taken  from  the  blood  and  fresh 
carbon  from  the  food^  into  the  deconii>o8able  substance. 

3.  During  the  day  a  man  gives  off  from  his  lungs  more 
oxygen  in  carbon  dioxide,  than  he  takes  up  by  the  same 
organs  from  the  air.  During  the  night  the  reverse  is  the 
case.  This,  however*  h^is  nothing  to  do  with  the  alternating 
periods  of  light  and  darkness,  as  it  has  in  the  case  of  a  green 
plant,  which  in  the  Hglit  evolves  more  oxygen  than  it  con- 
sumeSj  and  in  the  dark  the  contrary.  It  dependfi,  rather,  on 
the  fact  tiiat  duriiig  the  day  more  muscular  effort  is  exerted 
than  at  night,  and  the  lueals  are  then  taken  and  digested* 
Tlie  activity  of  the  muscles  and  the  digestive  glands  is  de- 
pendent on  processes  which  give  rise  to  a  large  production  of 
carbon  dioxide  and,  during  the  night,  wlien  both  are  at  rest, 
more  oxygen  is  taken  up  than  is  contained  in  the  carbon 
dioxide  eliminated.  If  a  man  works  and  takes  his  meals  at 
night,  and  sleeps  in  the  day,  the  usual  ratios  of  his  gaseous 
exchanges  with  the  exterior  are  entirely  reversed, 

4.  The  amount  of  work  that  a  man's  organs  do,  is  not 
_  pependent  on  the  amount  of  oxygen  supplied  to  them,  but 
"^^fche  amount  of  oxygen  u^od  by  him  depends  on  how  much  he 

/uses  his  organs.  The  (tuantity  of  oxygen  snpplied  must  of 
course  always  be,  at  least,  that  ref|uired  to  prevent  suffoca- 
tion; but  an  excess  above  this  limit  will  not  make  the  tissues 
work.  Just  as  a  man  must  have  a  certain  amount  of  food 
to  keep  him  alive,  so  he  must  have  a  certain  amount  of 
oxygon;  but  as  extra  food  will  not  make  his  tissues  or  him 
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(who  is  pbyeiologically  the  an  in  of  all  his  tisBues)  work, 
apart  from  some  stiniulus  to  exertion,  so  it  is  witli  oxygen. 
Iligbly  arte ri til i zed  blood,  or  an  abnormal  amount  of  blood, 
flowing  through  an  organ  will  not  arouse  it  to  activity;  the 
working  organ,  miisde,  or  gland,  for  example,  usually  gets 
enough  more  blood  to  t^npply  its  extra  needs — just  m  a  healthy 
man  who  works  will  luive  a  better  appetite  than  an  idle  one; 
but  as  taking  more  food  by  an  idle  mim  will  not  of  itself 
make  him  more  energetic,  so  neither  will  sending  more  arterial 
blood  througli  an  organ  excite  it  to  activity, 

5.  The  preceding  statement  is  contirmed  by  experiments O     q  i  , 
which  show  that  an  aiumal  uses  no  more  oxygen  in  an  hour*^  ■"'*^1 
when  made  to  breathe  that  gas  in  a  pure  state,  than  when 
allowed  to  breathe  ordinary  air.     In  other  words,  the  amount 
of  oxygen  an   animal   uses  (provided  it  gets  the  minimum 
necessary  lor  health)  is  de|>en(Ienfc  oidy  on  how  much  it  uses 
its  tissues.     These  {the  rest  in  most  cases  subject  to  a  certain^iU^-'^^-^  ^'^ 
amouut  of  control  from  the  nervous)  determine  their  own^  i^i 

activity,  and  this,  in  turn,  how  much  oxygen  shall  be  used  in  r*"""*^^  J  * 
the  systemic  circulation  and  restored  in  the  jmlmonary.     In  «^  0  -i  !**■ 
other  words,  the  phj'^iological  work  of  an  animal,  which  of  ]  -  ; 
course  is  largely  dependent  upon  how  ex^eriial  lore©© net  upon 
it,  determines  how  much  oxygen  it  uses  daily;  and  not  the  V^Uj^.^^'i 
supply  of  oxygen  how  much  its  tissue  activity  shall  be,  unless  /"  w^^ 
the  supply  sinks  below  the  starvation  limit.  ^  ' 


CHAPTER  XXVII. 

THE   NERVOUS   FACTORS   OF    THE    RESPIRATORY 
MECHANISM.    ASPHYXIA. 

The  Bespiratory  Centre.  The  respiratory,  movements 
are  to  a  certain  extent  under  the  control  of  the  will;  we  can 
breathe  faster  or  slower,  shallower  or  more  deeply,  as  we 
wish,  and  can  also  "  hold  the  breath  "  for  some  time — but  the 
voluntary  control  thus  exerted  is  limited  in  extent;  no  one 
can  commit  suicide  by  holding  his  breath.  In  ordinary  quiet 
breathing  the  movements  are  quite  involuntary;  they  go  on 
perfectly  without  the  least  attention  on  our  part,  and,  not 
only  in  sleep,  but  during  the  unconsciousness  of  fainting  or 
of  an  apoplectic  fit.  The  natural  breathing  movements  are 
therefore  either  reflex  or  automatic. 

The  muscles  concerned  in  producing  the  changes  in  the 
chest  wliich  lend  to  the  entry  or  exit  of  air  are  of  tlie  ordinary 
atripeti  kmd;  and  those,  as  we  have  seen,  only  contract  in  the 
Body  under  the  influence  of  the  nerves  going  to  them ;  the 
nerves  of  tlie  diaphra^jm  are  the  two  j)hrenic  nerves,  one  for 
each  side  of  it;  the  external  intercostal  muscles  are  supplied 
by  certain  branches  of  the  thoracic  spinal  nerves,  called  the 
intercostal  nerves.  If  the  phrenic  nerves  be  cut  the  diaphragm 
ceases  its  contractions,  and  a  similar  paralysis  of  the  external 
intercostals  follows  section  of  the  intercostal  nerves. 

Since  the  inspiratory  muscles  only  act  wlioii  stimulated 
by  nervous  impulses  reaching  them,  we  have  next  to  seek 
where  these  imi)iilse8  originate;  and  experiment  shows  that 
it  is  in  the  medulla  oblongata.  All  the  brain  of  a  cat  or  a 
rabbit  in  front  of  the  medulla  can  be  removed,  and  it  will 
still  go  on  breathing;  and  children  are  sometimes  born  with 
the  medulla  oblongata  only,  the  rest  of  the  brain  being  un- 
developed, and  yet  they  breathe  for  a  time.  If,  on  the 
other  hand,  the  spinal  cord  be  divided  immediately  below 
the  medulla  of  an  animal,  all  breathing  movements  of  the 
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cheet  cease  at  once.  We  conclude,  therefore,  that  the  nerv- 
ous im|>iilees  calling  forth  contractians  of  the  respiratoi-y 
muscles  arise  in  the  medulla  obloTtgata,  find  travel  down  tlie 
spinal  Goxd  and  thence  out  along  tlie  pli^auic  and  intereoeial 
nerves.  This  is  confirnjed  hy  tJie  fact  tliat  if  tlie  spinal  cord 
be  cut  across  below  the  urigin  of  the  fourth  pair  of  cervical 
spinal  nerves  (from  whicli  the  phrenics  mainly  arise)  but 
above  the  first  thoracic  epinal  nerves,  the  respiratory  move- 
ments of  the  diaphragm  continue,  but  those  of  the  intercostal 
muscles  cease;  this  phenomenon  has  sometimes  been  observed 
on  men  so  stabbed  in  the  back  as  to  divide  the  spinal  cord  ta 
the  region  indicated.  Finally,  that  the  nervous  impulses  ex- 
citing the  inspiratory  muscles  originate  in  the  medulla,  is 
proved  by  the  fact  that  if  a  small  portion  of  that  organ,  the 
ao-called  vital  point,  be  destroyed,  all  the  respiratory  move- 
ments cease  at  once  and  forever,  although  all  the  rest  of  the 
brain  and  spinal  corti  may  be  left  nn injured*  This  part  of 
the  medulla  is  known  as  the  rc^^^pirafory  centre.  The  im- 
pulses proceeding  from  it  probably  do  not  pass  directly  to 
the  motor  nerve^fibres  concerned,  but  first  to  subsidiary 
centres  in  the  cord,  from  which  properly  co-ordinated  impulses 
are  sent  to  the  muscles  concerned.  Occasionally  in  young 
animals,  especially  after  a  small  dose  of  strychnia  has  been 
administered,  a  few  respiratory  movements  are  seen  after 
section  of  the  cord  high  up  in  the  neck.  Hut  the  broad 
general  fact  remains,  that  in  the  normal  workitig  of  the  Body 
the  spinal  respiratory  centres  only  send  out  respiration-caus- 
ing impulses  when  excited  by  impulses  descending  to  thera 
from  the  main  respiratory  centre  in  the  medulla. 

In  the  above  statements,  attention  has  been  chiefly  con- 
fined to  the  diaphragm  and  the  intercostal  muscles;  but 
what  is  said  of  them  is  true  of  the  respiratory  innervation  of 
all  other  breathing  muscles,  whether  expiratory  or  inspira- 
tory, normal  or  extraordinary. 

Ib  the  Bespiratory  Centre  BeflexP  Since  this  centre 
goes  on  working  independently  of  the  will,  we  have  next  to 
inquire  is  it  a  reflex  centre  or  not?  are  the  efferent  discharges 
it  sends  along  the  respiratory  nerves  due  to  afferent  impulses 
reaching  it  by  centripetal  nerve-fibres?  or  does  it  originate 
efferent  nervous  impulses  independently  of  excitation  through 
afferent  nerves  ? 

We  know,  in  the  first  place,  that  the  respiratory  centre  is 
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lapgetjrtmder., reflex  control;  a  dash  of  cold  water  on  the 
skin,  the  irritation  of  the  nasal  nnicoiis  membrane  by  suufE, 
or  of  the  larynx  by  a  foreign  body,  will  each  cause  a  modifi« 
cation  in  the  respiratory  movements — a  long  indrawn  breath, 
a  sneeze,  or  a  cough.  But,  although  thus  very  subject  to 
influences  reaching  it  by  afferent  nerves,  the  res])initory 
centre  seems  essentially  independent  of  such.  In  many  ani- 
mals, as  rabbits  (and  in  some  men),  marked  breathing  move- 
ments take  ])lace  in  the  nostrils,  which  dilate  during  inspira- 
tion; and  when  the  s])inal  cord  of  a  rabbit  is  cut  close  to  the 
medulla,  thus  cutting  off  all  afferent  nervous  impulses  to  the 
respiratory  centre  except  such  as  may  reach  it  through  cranial 
nerves,  the  respiratory  movements  of  the  nostrils  still  con- 
tinue until  death.  The  movements  of  the  ribs  and  dia- 
phragm of  course  cease,  and  so  the  animal  dies  very  soon 
unless  artificial  respiration  be  maintained.  Moreover,  if 
after  cutting  the  spinal  cord  as  above  described,  the  chief 
sensory  cranial  nerves  be  divided,  so  as  to  cut  of!  the  respira- 
tory centre  from  almost  all  possible  afferent  nervous  im- 
pulses, the  regular  breathing  movements  of  the  nostrils  con- 
tinue. It  is,  therefore,  nearly  certain  that  the  activity  of  the 
respiratory  centre,  however  much  it  may  be  capable  of  modi- 
fication through  sensory  nerves,  is  essentially  independent  of 
s  them ;  in  other  words  the  nanx¥»l^  KOd&piratory  movements  are 
»Qt  raflgx. 

What  it  is  that  Excites  the  Respiratory  Centre.     The 
thing  that,  above  all^thers,  influences  the  respiratory  centre 
■'  '"^*  r  is  the  greater  or  lesWeno^iiy  of  the  Wc^od  flowing  through  it. 
^'        If  this  blood  be  very  rich  in  oxygen  and  comj)aratively  poor 
'   '''^     in  carbon  dioxide  the  respiratory  centre  acts  but  feebly,  and 
-  Vi^-the  respirations  are   shallow.     If,  on  the  other  hand,  this 
,-      Wood  be  highly  venous  the  respiratory  movements  are  more 
rapiil  than  normal,  and  are  forced,  the  extraordinary  muscles 
of  respiration  being  called  into  play;   this  state  of  violent 
labored  resj)iration,  due  to  deficient  aeration  of  the  blood  is 
called  difspncea.      Normal  quiet   breathing   is   eupnasa.     If 
active  artificial  respiration  be  kept  up  on  an  animal  for  a 
short  time,  it  is  found,  on  its  cessation,  that  the  creature 
(dog  or  rabbit)  makes  no  attempt  to  breathe  for  a  period 
which  may  extend  to  one  and  a  half  minutes.     This  breath- 
less condition,  in  which  an  animal  with  no  hindrance  opposed 
to  its  breathing  makes  no  respiratory  movement,  is  apimcu 


THE  HEBPIRATOBT  MECHAmSM, 


411 


Apntca  used  to  be  ascribed  solely  to  an  overloatling  of  the 
blood  with  oxygeD,  but  the  lut^rnoglobin  of  the  blood  leaving 
the  lungs  is  normally  so  nearly  saturated  with  that  gas  that 
this  explaimtion  is  Dot  suflicient.  The  apnceic  state  is  in 
part  due  no  doubt  to  the  high  i>crcentage  of  oxygen  in  the 
air-cells  of  the  lungs,  bronglit  about  by  the  active  artificial 
yentilation.  Tlie  blood,  as  it  flows  through  tlie  lungs,  is  thus 
able  to  supply  itself  with  oxygen  for  some  time  without  any 
renewal  of  the  air  within  them.  But  even  this  is  not  the 
whole  matter,  for  an  animal  niitde  apuoeic  will  often  continue 
so  after  its  arterial  blood  has  become  distinctly  venous  in 
color;  and  an  animal  may,  if  its  pneumogastric  nerves  be 
intact,  be  rendered  apno:*ic  for  a  short  time  by  rapid  insuffla- 
tion of  its  lungs  with  an  indifferent  giis.  In  faet,  there  is 
evidence  that  iitttiitiifln  nf  the  luugs  tends  to  m^bit  the 
sending  out  of  impnlses  to  tlie  iriffpimtory  mtiseles,  the 
afferent  fibres  exerting  this  inhibitory  action  on  the  centre 
taking  their  course  in  the  pulmonary  branches  of  the  f>Hdu- 
mogastric;  and  this  inhibition  j)hiys  a  part  in  the  production 
of  apnoea.  It  should  be  noted  that  by  apnwa  physicians 
usually  mean  only  extreme  dyspnopa. 

How^  venous  blood  eatit^es  great  excitation  of  the  respira- 
tory centre  is  not  eertuiuly  known.  We  nnxy  make  the 
following  pTovioioiwl  ^Wypothegrfs;  the  chemical  changes 
occurring  in  the  respiratory  centre  prod  nee  a  substance 
which  stimulutes  its  nerve-cells:  wiien  tlie  blood  is  richly 
oxygenated  this  substance  is  oxidisseil  as  fast  as  it  is  formed, 
and  the  centre  is  not  excited ;  but  when  the  blood  is  poor  in 
oxygen,  the  stinnilating  body  accumulates  and  the  respiratory 
discharges  become  powerful.  Uiulcr  normal  circumstances 
the  oxygen  is  not  kept  up  to  the  point  of  entirely  removing 
this  exciting  snhstaneo,  and  the  centre  is  stimulated  so  its  to 
lu'odnce  the  natural  breathing  movements.  That  the  «ktimu- 
lant  acts  upon  the  r(">|iir;i^>ry  centre  il«cW,  and  not  upon 
other  organs  of  the  IvhIv  ami  through  their  sensory  nerves 
upon  the  medulhi.  -d  by  experiments  whicli  show  that 

the  circulation  of  vMunus  bt ood ^thrrmsrlt- ^w  i rri i r k  nn^\ i mbs 
of  an  animal,  w>iile  its  respim^OTT  centre  is  supplied  with 
afttti^iAl  hhiod,  does  not  jiroduce  dyspno'a^ 

Why  are  the  Respiratory  Discharges  Rhythmic  P  Every 
complete  respiratory  act  consists  of  an  inspiration,  an  expira- 
tion and  a  pause;  and  then  follows  the  inspiration  of  the 
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next  act.  In  natural  quiet  breathing  tlicre  is  no  essential 
difference  between  the  expiration  and  the  pause.  The  in- 
spiration is  the  only  active  part;  the  expiration  and  the 
pause  are  dependent  on  muscular  inactivity  and,  there- 
fore, on  the  cessation  of  the  discharge  of  nervous  impulses 
from  the  respiratory  centre.  But  then,  we  may  Jisk,  if  in 
accordance  with  the  hy])othesis  made  in  the  last  paragraph, 
the  respiratory  centre  is  constantly  being  excited,  wky  m  it 
noH^sye  diaohMrgiug  ?  why  does  it  only  send  out  nervous 
impulses  at  intervals?  This  question,  which  is  essentially 
the  same  as  that  why  the  heart  beats  rhythmically,  belongs 
to  the  higher  regions  of  Physiology  and  can  only  at  present 
be  hypothetically  MiAwered.  Let  us  consider,  for  a  moment^ 
ordinary  mechanical  circumstances  under  which  a  steady 
supply  is  turned  into  an  intermittent  discharge.  Srtppose  a 
ttrbe  closed  water-tight  below  by  a  hinged  bottom,  which  is 
kept  shut  by  a  spring.  If  a  steady  stream  of  water  is  poured 
into  the  tube  from  above,  the  water  will  rise  until  its  weight 
is  able  to  overcome  the  pressure  of  the  spring,  and  the  bottom 
will  then  be  forced  down  and  some  water  tiow  out.  The 
spring  will  then  press  the  bottom  uj)  again,  and  the  water 
accumulate  until  its  weight  again  forces  open  the  bottom  of 
the  tube,  and  there  is  another  outrush;  and  so  on.  By 
opposing  a  certain  resistance  to  the  exit  wo  could  thus  turn 
a  steady  inflow  into  a  rhythmic  outflow.  Or,  take  the  cose 
of  a  tube  with  one  end  immersed  in  water  and  a  steady 
stream  of  air  blown  into  its  other  end.  The  air  will  emerge 
from  the  immersed  end,  not  in  a  steady  current,  but  in  a 
series  of  bubbles.  Its  j)re88ure  in  the  tube  must  rise  until 
it  is  able  to  overcome  the  cohesive  force  of  the  water,  and 
then  a  bubble  bursts  forth;  after  this  the  air  has  again  to 
get  up  the  requisite  pressure  in  the  tube  before  another 
bubble  is  ejected;  and  so  the  continuous  sup])ly  is  trans- 
formed into  an  intermittent  delivery.  Physiologists  sup- 
pose something  of  the  same  kind  to  occur  in  the  respiratory 
centre.  Its  nerve-cells  are  always,  under  usual  circum- 
tances,  being  excited;  but,  to  discharge  a  nervous  impulse 
along  the  efferent  respiratory  nerves,  they  have  to  overcome 
a  certain  resistance.  The  nervous  impulses  have  to  accumu- 
late, or  "  gain -a- "iread,"  before  they  travel  out  from  the 
centre,  and,  after  their  discharge,  time  is  required  to  attain 
once  more  the  necessary  level  of  irruption  before  a  fresh  in- 
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nervation  is  sent  to  the  iimBclea,  This  method  of  account- 
ing for  the  respiratory  rliytlini  is  known  n^  the  "  resistance 
theory''  If  not  altogetlier  satisfactory  it  i«  at  least  far 
preferable  to  the  older  mode  of  considering  the  question 
solved  by  assuming  a  rhythmic  character  or  property  of  the 
respiratory  centre.  It  gives  a  detinite  hypotiiesis,  which 
accords  with  whiit  is  known  of  general  natnml  laws  ontside 
of  the  Body,  and  the  validity  of  which  can  be  subjected  to 
experiment:  and  so  serves  very  well  to  show  how  scientific 
differs  from  pre-scientific,  or  mediaeval,  physiology.  The 
hitter  was  content  with  observing  things  in  the  Body  and 
considered  it  explained  a  phenomenon  when  it  gave  it  & 
inime.  Now  we  call  u  phenomenon  explaiTied,  when  we  have 
fuuud  to  what  general  category  of  natural  laws  it  can  be 
reduced  a«  a  gpoowl  ejrsTnple:  and  this  reducing  a  special 
case  to  a  particular  manifestation  of  some  one  or  more 
general  properties  of  matter  already  known  is,  of  course,  all 
that  we  ever  mewn  when  we  say  we  exjrlaiu  anythiiisf.  We 
explain  the  fall  of  an  apple  and  the  rise  of  the  tides  by 
referring  them  to  the  class  of  general  results  of  the  law  of 
gravitation;  but  the  why  of  the  law  trf  gravitation  we  do  not 
know  at  all;  it  is  merely  a  fact  which  we  have  found  ont. 
So  with  regard  to  Physiology;  we  are  working  scieirtifically 
when  wo  try  to  rQ44ui«  the  activities  of  the  living  Body  to 
speciaLiiiatancieg  of  medMinical,  physical,  or  chemk*a!  laws 
otherwise  known  to  us,  and  unscientificany  wdien  wo  lose 
sight  of  that  aim.  Certain  vital  phenomena,  as  those  of 
blood-pressure,  we  can  thus  explain,  as  much  as  we  can  ex- 
plain anything;  others,  as  the  rhythm  of  the  respiratory 
movements,  we  can  provisionally  explain,  although  not  yet 
certain  that  our  explanation  is  the  riglit  one;  and  still 
others,  as  the  phenomena  of  consciousness,  we  cannot  explain 
at  all,  and  possibly  never  shall/by  referring  them  to  general 
properties  of  matter*  since  they  may  be  associated  only  with 
that  particular  kind  of  matter  called  protophism,  and  per- 
ha|m  only  with  some  varieties  of  it. 

The  Relation  of  the  Pneumogastiic  Nerves  to  the  Be- 
spiratory  Centre,  We  have  next  to  consider  if  any  phenom- 
ena presented  by  the  living  Body  give  support  to  the  resist- 
ance theory  of  the  resjiiratory  rhythm.  A  very  important 
collateral  prop  to  it  is  given  by  the  relation  of  the  pneu mo- 
gastric  nerves  to  the  rate  and  force  of  the  respiratory  move- 
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ments.  These  nerves  give  branches  to  the  larynx,  the  wind- 
pipe^ and  the  lungs,  and  might  therefore  be  suspected  to 
have  something  to  do  with  breathing.  Indeed  at  one  time  it 
was  maintained  that  the  breathing  movements  were  purely 
reflex,  the  afferent  fibres  running  in  the  pneumogastrics 
from  the  lungs  to  the  respiratory  centre.  That  the  vagi  are 
not  concerned  in  influencing  the  respiratory  muscles  directly 
is  shown  by  the  fact  that  all  of  these  muscles  (except  certain 
•^  small  ones  in  the  larynx)  contract  as  usual  in  breathing  after 
^j,K^*'">y  both  pii^uuuagastric  nerves  have  been  divided.    Still,  the 

section  of  both  nerves  has  a  considerable  influence  on  the 
respiratory  movements;  they  become  shwer  -tmd  deeper. 
We  may  understand  this  by  supposing  that  the  resistance  to 
the  discharges  of  the  respiratory  centre  is  liable  to  variation. 
It  may  be  increased,  and  then  the  discharges  will  be  fewer 
and  larger;  or  diminished,  and  then  they  will  be  more  fre- 
quent but  each  one  less  jK)werful.  If  the  spring,  in  the 
illustration  used  in  the  preceding  paragraph,  be  made  stronger, 
while  the  inflow  of  water  to  the  tube  remains  the  same,  the 
outflows  will  be  less  frequent  but  each  one  greater;  and  rnce 
versa.  The  effect  of  section  of  the  pneumogastric  trunk 
may,  therefore,  be  explained  if  we  suppose  that,  normally,  it 
carries  up,  from  its  lung  branches,  nervous  impulses  which 
diminish  the  n^sistance  to  the  discharges  of  the  resj)iratory 
centre;  when  the  nerves  are  cut  these  lielpino:  impulses  are 
lost  to  tlie  centre,  and  its  impulses  must  gather  more  head 
before  they  break  out,  but  will  be  greater  wlien  they  do. 
This  view  is  confirmed  by  the  fact  that  stimulation  of  the 
central  ends  of  the  divided  pneumogastrics,  if  weak,  brings 
back  the  respirations  to  their  normal  rate  and  force;  if 
stronger  makes  them  more  rapid  and  shallower;  and  when 
stronger  still,  abolishes  the  respiratory  rhytlim  altotrether, 
with  the  inspiratory  muscles  in  a  steady  state  of  feeble  con- 
traction. That  is  to  say,  the  resistance  to  tlio  discharges  of 
the  centre  being  entirely  taken  away  (which  is  equivalent  to 
the  t^>tul  removal  of  the  spring  in  our  example),  the  centre 
sends  out  uninterrupted  and  non-rhythmic  stimuli  to  the 
inspiratory  muscles. 

The  pneumogastric  nerve  gives  two  brandies  to  the 
larynx;  known  respectively  as  the  superior  and  inferior  {re- 
curre?if)  Jarj/ngeal  nerves;  the  action  of  these  on  the  respira- 
tory centre  is  opposite  to  that  of  the  fibres  from  the  lungs 


coming  up  in  the  main  pneumogastric  trunk.  If  the  siip^ 
nor  44\ryri^€a1  branch  Ih3  divided  uud  its  central  end  stinnr- 
lated,  the  respinttioas  become  less  frequent  hut  each  one 
more  powerful;  hence  this  nerve  apjmara  to  contain  libres 
which  increase  the  resistance  to  inspiratory  diBcharges  from 
the  respiratory  centre.  The  same,  hul  to  a  les^^^gree^  is  true^^^ 
of  the  i»£iiriQr,hu;yiig««l  hranch.  Both  are  inMt5ttorv  iibreis  ' 
BO  far  as  inspiration  is  concerned;  wliereaB  tlio  main  vagus 
stem  wlien  its  central  end  is  electrically  stimulated  is  acceler- 
ator or  augmentor. 

The  Expiratory  Centre.  Hitherto  wc  have  considered 
breathing  as  due  to  the  rhythmically  alternating  activity  and 
rest  of  an  inspiratory  centre— and  such  is  the  case  in  normal 
quiet  breathiug,  in  which  the  expirations  are  passive.  Hut 
in  dyspnam  expiration  is  a  muscular  act,  and  so  there  must 
be  a  section  of  the  respiratory  centre  controlling  the  expira- 
tory muscles,  and  we  may  regard  the  whole  centre  as  cousist- 
iug  really  of  two;  an  In^piraiury  va\A  ej-pindory.  The  latter 
part  of  the  respiratory  centre,  however,  is  less  irritable  than 
the  inspiratory  part,  and  hence  when  the  blood  is  in  a  normal 
state  of  aeration  never  gets  stimulated  up  to  the  discharging 
poiut.  In  dyspnoea  the  stimulus  becomes  sufticiout  to  cause 
it  also  to  discharge,  but  only  after  the  more  irritable  inspira- 
tory centre;  hence  the  expiration  follows  the  inspiration. 
This  alternation  of  activity  is,  moreover,  promoted  by  the  fact 
that  the  pnwiinayMlric  nerve-fihres  coming  up  from  the 
lungs  are  of  *■ —  Vindir  The  predominant  sort  are  the 
accelerator  set  already  referred  to,  which  favor  discharge  of 
the  inspiratory  centre,  and  perhaps  also  increase  the  resist- 
ance to  the  expiratory  discliarge.  This  set  is-cAUlIeiTwhcn 
the  Itittgg  TJimiftifA  ii^iwi^,  as  in  expiration;  and  wdien  the 
whole  nerve  is  stimulated  electrically  they  usually  get  the 
better  of  the  other  set,  which  carry  up  to  the  medulla  im- 
pulses which  '"*'**^*^— ^^piratfi'T'  jjaf^harjorftg  This  set  is 
stiuiulated  by  aypanaJQa  i»f  the  lungs^  even  in  qtiiet  breath- 
ing: and  they  play  a  part  in  producing  the  phenomenon 
of  apnvea.  When  the  distention  of  the  lungs  is  con- 
siderable these  fibres  not  only  check  inspiration  but  favor 
expiratory  movements.  Ilence,  every  expansion  of  the  lungs 
(inspiration)  tends  to  pronmte  an  expiration,  and  every  col- 
lapse of  the  lungs  (expiration)  tends  to  produce  ao  tnspira- 
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tion;  and  so,  through  the  pneumogastric  nerves,  the  respira^ 
tory  meclianism  is  largely  self-regulating. 

Asphyxia.  Asphyxia  is  death  from  suffocation,  or  want 
of  oxygen  by  the  tissues.  It  may  be  brought  about  in 
various  ways;  as  by  strangulation,  which  prevents  the  entry 
of  air  into  the  lungs;  or  by  exposure  in  an  atmosphere  con- 
taining no  oxygen;  or  by  putting  an  animal  in  a  vacuum; 
or  by  making  it  breathe  air  containing  a  gas  which  has  a 
stronger  affinity  for  haemoglobin  than  oxygen  has,  and  which, 
therefore,  turns  the  oxygen  out  of  the  red  corpuscles  and 
takes  its  place.  The  gases  which  do  the  latter  are  very  in- 
teresting since  they  serve  to  prove  conclusively  that  the  Body 
can  only  live  by  the  oxygen  carried  round  by  the  haemoglobin 
of  the  red  corpuscles;  that  amount  dissolved  in  the  blood 
plasma  being  insufficient  for  its  needs.  Of  sucli  gases  carbon 
monoxide  is  the  most  important  and  best  studied ;  in  the  fre- 
quent French  mode  of  committing  suicide  by  stopping  up  all 
the  ventilation  holes  of  a  room  and  burning  charcoal  in  it,  it 
is  poisoning  by  carbon  monoxide  which  causes  death. 

The  Belations  of  Carbon  Monoxide  to  Haemoglobin* 
If  aerated  whipped  blood,  or  a  solution  of  oxyhyaemoglobin, 
be  exposed  to  a  gaseous  mixture  containing  carbon  monoxide, 
the  hquid  will  absorb  tlie  latter  gjis  and  give  off  oxygen. 
The  amount  of  carbon  monoxide  taken  up  will  (apart  from 
a  small  amount  dissolved  in  the  phusnia)  be  independent  of 
the  ])artiul  pressure  of  that  gas  in  the  gaseous  mixture  to 
which  the  blood  is  exposed ;  the  quantity  absorbed  de})end8 
on  the  quantity  of  haemoglobin  in  the  liquid,  and  is  replaced 
by  an  equal  volume  of  oxygen  liberated.  This  equivalence  of 
volume,  of  itself,  proves  that  the  phenomenon  is  due  to  the 
chemical  replacement  of  oxygen  in  some  compound,  by  the 
carbon  monoxide;  for  if  the  carbon  monoxide  were  merely 
dissolved  in  the  liquid  in  proportion  to  its  partial  pressure  on 
the  surface,  it  would  turn  out  no  oxygen;  the  quantity  of 
dissolved  gases  held  by  a  liquid  being  dependent  only  on  the 
partial  pressure  of  each  individual  giis  on  its  surface,  and 
unaffected  by  that  of  all  others.  During  the  taking  up  of 
carbon  monoxide  the  blood  changes  color  in  a  way  that  can 
be  recognized  by  a  practised  eye;  it  becomes  rhuiiji  Ftd  In- 
stead  of  swirlet.  This  shows  that  some  new  chemical  com- 
pound has  been  formed  in  it;  examination  with  the  spectro- 
scope confirms  this,  and  shows  the  color  change  to  be  due  to 


THE  HESPIRATOEY  MECHANISM, 


the  formatioTi  of  carbon-munuxule  hfiM»#gli>biB  which  has  a 
ditlereiit  color  frfjm  oxyii^iuogU^^ii.  A  dilute  solution  of 
reduced  haiinoglobiij  absorbs  all  the  rays  of  light  in  one 
region  about  the  green  of  the  solar  spectrum,  and  so  pro- 
duces there  a  dark  band;  a  thin  layer  of  the  blood  of  mi 
asphyxiated  animal  does  the  same.  IHlute  solution  of  oxy- 
hsemoglobin  absorbs  the  rays  in  two  uarrow  regions  of  the 
Bolar  spectri.m  at  the  confines  of  the  yellow  and  green,  and 
arterial  blood  does  the  same.  Dilute  solution  of  carbou- 
nionoxide  ha^moglubin,  or  blood  which  has  been  exposed  to 
thid  gas,  also  absorbs  the  light  iu  two  narrow  bauds  of  the 
^olar  spectrum;  but  these  are  a  little  nearer  the  blue  end  of 
the  8p«^ctrum  than  the  absorption  bands  of  oxyha^inogJobin. 
Pure  blood  serum  saturated  with  oxygen  gas  or  with  carbon 
monoxide  does  not  specially  absorb  any  part  of  the  s|>ectrum; 
thereforo  the  absorptions  when  ha?moglobiu  is  present  must 
be  doe  to  chemical  couipoundfl  of  those  gases  with  that  body. 

Since  carbon-mouoxide  haimoglobiu  has  a  bright-red  color, 
we  find,  in  the  Bodies  of  persons  poisoned  by  that  gar,  the 
blood  all  through  the  Body  cherry-red;  the  tissues  being 
unable  to  take  carbon  monoxide  from  haemoglobin  in  the 
systemic  circulation.  Hence  the  curious  fact  that,  while 
death  is  really  duo  to  aspliyxia,  the  blood  is  almost  tiie  color 
of  arterial  blood,  instead  of  very  dark  purple,  as  in  ordinary 
cases  of  death  by  suffocation.  Expeiiments  with  animals 
show  that  in  poisoning  by  carbon  monoxide  persistent  ex- 
posure of  the  blood  to  oxygon,  by  means  of  artifi^iftl  P»§pfnt* 
tioo,  will  cause  the  poisonous  gas  to  be  olowly  »ijrfft»id  again 
by  oxygen;  hence  if  the  heart  has  not  yet  quite  stopped 
beating,  artificiul  respiration,  kept  wp  patxentlj,  should  be 
employed  in  the  case  of  poivsoning  by  carbon  monoxide  unless 
transfusion  of  bhiod  be  possible. 

The  Phenomena  of  Asphyxia.  As  soon  as  the  oxygen 
in  the  blood  falls  below  the  normal  amount  the  breathing 
becomes  -haggled-  and  de«pf?r,  and  the  extraordinary  muscles 
of  respiration  are  called  into  activity.  The  dyspnoea  be- 
comes more  and  more  marked,  and  this  is  especially  the  case 
w^ith  the  expirations  which,  almost  or  quite  passively  per- 
furnied  in  uaturjil  breathing*  become  violently  muscular.  At 
last  nearly  all  tlic  muacles  in  the  Body  are  set  at  work;  the 
rhythmic  character  of  the  respiratory  acts  is  lost,  and  general 
convulsions  occur,  but,  on  the  whole,  the  contractions  of  the 
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expiratory  muscles  are  more  violent  than  those  of  the  inspira- 
tory. Thus  undue  want  of  oxygen  at  first  merely  brings 
about  an  increased  activity  of  the  respiratory  centre,  and 
especially  of  its  expiratory  division  which  is  not  excited  in 
normal  breathing.  Then  it  stimulates  other  portions  (the 
oonmihive  €$Hirs)  of  the  medulla  oblongata  also,  and  gives 
rise  to  violent  and  irregular  muscular  spasms.  That  tlie 
convulsions  are  due  to  excitation  of  nerve-centres  in  the 
medulla  (and  not,  as  might  be  supposed,  to  poisoning  of  the 
muscles  or  of  the  fore  parts  of  the  brain  by  tlie  extremely 
venous  blood)  is  shown  of  the  facts  (1)  that  they  do  not 
occur  in  the  trunk  of  an  animal  when  the  spinal  cord  has 
been  divided  in  the  neck  so  as  to  cut  off  the  muscles  from 
the  medulla;  and  (2)  that  they  still  occur  if  (the  spinal  cord 
remaining  undivided)  all  the  parts  of  the  brain  in  front  of 
the  medulla  have  been  removed. 

The  TJnlsni  uTritntinn  of  the  nens^i^iM^tres  soon  wthauBttf 
them,  and  all  the  more  readily  since  tlieir  oxygen  supply 
(which  they  like  all  other  tissues  need  in  order  to  continue 
their  activity)  is  cut  off.  The  coiuailfiiQus  therefore  gcadu« 
ally^Masey  and  the  animal  becomes  calm  again,  save  for  an 
occasional  act  of  breathing  when  the  oxygen  want  becomes 
80  great  as  to  lead  to  efficient  stinnilation  even  of  the  dying 
respiratory  centre:  these  final  movements  are  inspirations 
and,  becoming  less  and  less  frequent,  at  last  cease,  and  the 
animal  appears  dead.  Its  heart,  however,  tliough  gor^red 
with  extremely  dark  venous  blood  still  makes  some  siow 
feeble  pulsations.  8o«i#»g  as  it  be^ts  aililieial  irspiration  can 
rpsfctwe  the  animal,  but  once  the  heart  has  finally  stopped 
restoration  is  impossible.  There  are  thus  three  distinguish- 
able stages  in  death  from  asphyxia.  (1)  The  stafre  of 
dyspna^a.  (*2)  The  stage  of  convulsions.  (3)  The  stage  of 
exhaustion:  the  convulsions  having  ceased  but  there  being 
from  time  to  time  an  inspiration.  The  end  of  the  third 
stage  occurs  in  a  mammal  about  Itve  minutes  after  the 
oxygen  supply  has  been  totally  cut  off.  If  tlie  aspliyxia  be 
due  to  deficiency,  and  not  absolute  want  of  oxygen,  of  course 
all  the  stages  take  longer. 

Circulatory  Changes  in  Asphyxia.  During  death  by 
suffocation  characteristic  changes  occur  in  the  working  of 
the  heart  and  blood-vessels.  The  heart  at  first  beats  quicker, 
but  very  soon,  before  the  end  of  the  dyspna?ic  stage,  more 
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slowJy,  thoiigli,  at  first,  more  powerfully.  This  slowing  is 
doe  to  tbt!  fact  ilml  the  ud usual  wai!i»  i^f-^ity^^^eu  leads  to 
stimulation  of  the  eartiio  intiibibiii'y  ooi>lre  in  the  nietJulla 
and  this,  through  the  pneiimogiifitric  iierves,  slows  the 
heiirt'a  beat.  Soon,  however,  the  want  of  oxygen  affects 
the  heart  iuelf  and  it  begins  tu  beat  more  feebly,  and  also 
more  slowly,  from  exhaustion,  until  ii8  finitl  stoppage,  Dur- 
ing  the  seeoml  and  thinl  .stages  the  lieart  and  the  vena3  cavae 
become  greatly  over  tilled  with  blood,  because  the  riolent 
muj^cular  coniractions  facilitate  the  How  of  blood  to  the 
heart,  while  its  beats  become  too  feeble  to  ^^nd  it  out  again. 
The  overfilling  is  most  marked  on  the  right  side  of  the  heart 
whieli  receives  the  venous  blood  from  the  Body  generally. 

Do  ring  the  tirst  and  second  stages  of  asphyxia  tuU^iOiil 
pifisirre  Tises  in  a  nnirked  degree.  This  is  due  to  excita- 
tion of  the  ¥4i&y«UiuLu£^ centre  by  the  venous  blood,  and 
the  consequent  constriction  of  the  muscular  coats  of  the 
arteries  and  increase  <jf  the  peripheral  resistance.  In  the 
third  «tage  the  blootl-pressure  falls  very  rapidly,  l>ecause  the 
feebly  acting  heart  then  fails  to  keep  the  arteries  tense,  even 
although  tlieir  diminished  calibre  greatly  slows  the  rate  at 
which  they  empty  themsehes  into  the  capillaries. 

Another  jucdiillary  centre  unduly  excited  during  asphyxia 
is  that  from  which  proceed  the  nerve-tibres  governing  those 
muscular  fibres  of  the  eye  which  enlarge  the  pupil.  During 
euJToeiition,  therefore,  the  pupils  become  wi4elT-  tJrhrted. 
At  the  same  time  all  refiex  irritability  is  lost,  and  touching 
the  eyeball  causes  no  wink;  the  reflex  centres  all  over  the 
Body  being  rendered,  througli  want  of  oxygen,  incapable  of 
activity.  The  same  is  true  of  the  higher  nerve-centres;  un- 
consciousness comes  on  during  the  convulsive  stage,  which, 
horrible  as  it  looks,  is  unattended  with  sutTering, 

Modified  Respiratory  Movements.  Sighing  is  a  deep 
Jong-drawn  inspiration  followed  hy  a  shorter  but  correspond- 
ingly large  expiration.  Yawning  is  similar,  but  the  air  is 
mainly  taken  in  by  the  month  instead  of  the  nose,  and  the 
lower  jaw  is  drawn  down  in  a  characteristic  manner.  Hie- 
coufih  depends  upon  a  sudden  contraction  of  the  diaphragm, 
while  the  aperture  of  the  larynx  closes;  the  entering  air, 
drawn  through  the  narrowing  opening,  causes  the  peculiar 
sound.  Coughing  consists  of  a  full  inspiration  followed  by  a 
violent  and  rapid  expiration,  during  the  first  part  of  which 


426  THE  HUMAN  BODY, 

the  laryngeal  opening  is  kept  closed ;  being  afterwards  sud- 
denly opened,  the  air  issues  forth  with  a  rush,  tending  to 
carry  out  with  it  anything  lodged  in  the  windpipe  or  larynx. 
Sneezing  is  much  like  coughing,  except  that,  while  in  a 
cough  the  isthmus  of  the  fauces  is  held  open  and  the  air 
mainly  passes  out  through  the  mouth,  in  sneezing  the  fauces 
are  closed  and  the  blast  is  driven  through  the  nostrils.  It  is 
commonly  excited  by  irritation  of  the  nasal  mucous  mem- 
brane, but  in  ni^nv  y^fpons  a  sudden  briyht  light  falling  into 
the  eye  will  ])roduco  a  sneeze.  Laughing  consists  of  a  series 
of  short  expirations  following  a  single  inspiration:  the 
larpix  is  open  all  the  time,  and  the  vocal  cords  (Chap. 
XXXVII.)  are  set  in  vibration.  Crying  is,  physiologically, 
much  like  laughing  and,  as  we  all  know,  one  often  passes 
into  the  other.  The  accompanying  contractions  of  the  face 
muscles  giving  expression  to  the  countenance  are,  however, 
different  in  the  two. 

All  these  modified  respiratory  acts  are  eusviitlull?  niXL^jL 
and  they  serve  to  show  to  what  a  great  extent  tlic  discharges 
of  the  respiratory  centre  can  be  modified  by  afferent  nerve 
impulses;  but,  with  the  exception  of  hiccough,  tlioy  are  to  a 
certain  extent,  like  natural  breathing,  under  the  control  of 
the  will.  Most  of  tlioni,  too,  can  be  imitated  more  or  less 
perfectly  by  voluntary  muscular  movements;  though  a  good 
stage  sneeze  or  cough  is  rare. 
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General  Arrangement  of  the  Urinary  Organs.  These 
consist  of  (1)  the  kiiim't/s^  the  glands  vvhkVb  secrete  the 
tirine;  (2)  the  ureters  or  ducts  of  the  kithieys,  which  carry 
their  secretion  to  (3)  the  tirinary  hlathhr,  a  reservoir  in 
which  it  accumulates  and  from  wliich  it  is  expelled  from 
time  to  time  through  (4)  an  exit  tube,  the  urethra.  The 
general  arrangement  of  these  parts,  as  seen  from  behind,  is 
reprei^entcd  in  Fig.  13*^,  The  two  kidneys,  Ii^  lie  in  the 
dorsal  part  of  the  lumbar  region  of  the  abdominal  cavity, 
one  on  eacih  side  of  the  middle  line.  Each  ia  a  solid  mass, 
witji  a  convex  enter  and  a  concave  inner  border,  :iud  its 
upper  end  a  little  largt^r  than  the  lower.  From  tiie  ab- 
dominal aorta,  J,  a  renal  artert/,  Jr,  enter;*  the  inner  border 
-of  each  kidney,  to  break  up  within  it  into  tiner  branches, 
ultimately  ending  in  capillaries.  The  blood  is  collected  from 
these  into  the  renal  veifiif,  Tr,  one  of  which  leaves  each  kid- 
ney and  opens  into  the  inferior  vena  cava,  I'c,  From  the 
concave  border  of  each  kidney  proceeds  also  the  ureter,  U,  a 
slender  tube  from  28  to  34  cm.  (11  to  13*5  inches)  long, 
•opening  below  into  the  bladden  Vu.  on  its  dorsal  aspect,  and 
near  its  lower  end.  From  the  bladder  proceeds  the  urethra, 
at  i'o.  The  channel  of  each  ureter  ptisses  ve-ry*  ^►blwftiely 
through  the  wall  of  the  bladder  to  open  into  it;  accordingly 
if  the  ppe«i»nr»  in«id&  the  latter  organ  nse»  abov^-that  of  the 
liquid  in  tlje  ureter,  the  walls  of  the  ublifjne  passnfije  are 
pressed  together  ami  it  ii.  jjlowiij  Usually  the  bladder, 
which  has  a  thick  coat  of  unstriped  muscular  tissue  lined  bj 
a  uiucona  membrane,  is  relaxed,  and  the  urine  flows  readily 
into  it  from  the  nreters.  While  urine  is  coilectiug^  the  be- 
ginning of  the  urethra  is  kept  closed,  in  part  at  least,  by 
bands  of  elastic  tissue  around  it:  some  of  the  muscles  which 
surround  the  commencement  of  the  urethra  assist,  being  kept 
in  reflex  contraction  ;  it  ia  found  that  in  a  dog  the  urinary 
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no,  ISif— The  renal  organs,  viewed  frr>m  behind.  R,  riglit  kidney;  A,  Mrta:  Ar, 
riRhr  pi^nal  mrtery;  Vc^  itiferlor  veoa  c&va;  Kr,  right  reual  ir*!iiii;  V,  rigbt  ureter; 
Til,  bladder;  fa,  coniiiieDct^meiii  of  un»tiim 

lumbar  portion.  The  contraction  of  these  uretbni-con- 
stncting  muscles  can  be  reinforced  voluntarily.  When  some 
amount  of  arine  ha^j  accumulated  in  tK**  nlj^fiiiiu^  it  f*^||f^yifc«.fj 
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and  presses  on  its  contents;  tbe  ureters  being  closed  in  the 
way  jtbuvtj  indiiuited,  tlie  olaeOits  fibies  closing  the  urethral 
exit  aru  utexiiuine,  and  the  urethral  muscles  simultaneously 
relaxing,  the  lic|iiid  is  forced  out. 

Naked  Eye  Structiire  of  the  Kidneys.  These  organs 
have  externully  a  red-brown  color,  which  €sin  be  seen  through 
rhe  transpjirent  atpsHie  of  peritoueuni  which  envelops  tlieni. 
When  a  section  is  carried  tlirough  a  kidney  from  its  outer  to 
its  inner  border  (Fig.  133)  it  is  seen  tJiat  a  deep  fissure,  the 
/nV?^*,  leads  into  the  latter.  In  the  hllKn  the  ureter  widens 
out  to  form  the  pelvhs,  />,  wdiich  breaks  up  again  into  a 
number  of  smaller  divisions,  the  cups  or  afNccs,  The  cut 
i?urfj4ce  of  the  kidney  proper  is  seen  to  consist  of  two  distinct 
j>arts;  an  outer  or  cortical  porfwH,  and  an  inner  or  rnedul- 
luTfi,  The  niedullury  portion  is  less  red  and  more  glistening 
to  the  eye,  is  finely  striated  in  a  radial  direction,  and  does  not 
consist  of  one  continuous  mass  but  of  a  number  of  conical 
portions,  the  ptframids  of  3fijlpifjhif  2\  each  of  which  is 
separated  from  its  fR^ighhors  by  an  inward  prolongation,*,  of 
the  cortical  substanee:  this,  however,  does  not  reach  to  the 
inner  end  of  the  pyramid,  which  projects,  as  iho  papilla,  into 
a  calyx  of  the  ureter.  At  its  oiUer  end  each  pyramid  sepa- 
rates into  smaller  portions,  the  piframifis  of  Ferreui,  2", 
separated  by  thin  layers  of  cortex  and  gradually  spreading 
everywhere  into  the  latter.  The  cortical  substance  is  redder 
and  more  granular  looking  and  less  shiny  than  the  medullary, 
and  forms  everywhere  the  outer  layer  of  the  organ  r^ext  its 
capsule,  besides  dipping  in  between  the  pyramids  in  the  way 
described. 

The  renal  artery  divides  in  the  hilus  into  branches  (5) 
which  run  into  the  kidney  between  the  pyramids,  giving  off 
a  few  twigs  to  the  latter  and  ending  finally  in  a  much  richer 
vascular  fietwork  in  the  cortex.  The  branches  of  the  renal 
vein  have  a  similar  course. 

The  Minute  Structure  of  the  Kidney.  The  kidneys 
are  compound  tubular  glands,  composed  essentially  of 
branched  microscopic  un'ntferoHS  iuhnhs,  lined  by  epithe- 
lium. Each  tubule  commences  at  a  small  opening  on  a 
papilla  and  from  thence  has  a  very  complex  course  to  its 
other  extn'miiy:  usually  about  tw^eniy  open,  t?ide  by  side, 
on  one  papilla,  where  they  have  a  diameter  of  about  0.125 
mm,  (j|^  inch).     Running  from  this  place  into  the  pyramid 
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each  tubule  divides  several  times.  At  first  the  brandies  are 
gmallcr  timii  the  main  tube;  but  as  soon  as  they  have  come 
down  to  about  0,04  mm.  {^l^  inch)  this  diminution  in  eize 
oeases,  and  division  euniinuitig  while  the  tubules  retain  th© 
same  diameter,  the  pyramid  thus  gets*  in  part,  its  conical  form. 
Ultimately  each  bruncb  runs  out  of  the  pyramid  somewhere, 
either  from  its  base  or  side,  into  tbe  cortex  and  there  dilates ■ 
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Fro.  las.— Section  ihrfiiiKh  Uie  rljtht  icldtipy  o-mti  its  outer  to  li«  Imier  t>ordep, 
I,  ei)ri(*jt;  -J.  tittnliillii:  2\  pyrADiJ<l  <»f  Mulj^iifld;  *"',  |»yr«niid  of  Frrrnn;  fi,  fim«tl 
turaochtw  of  ttie  reniU  artery  ♦'mI*?^^^ "Jit '*«"'** "^e"!  l*'*  Pvfiimli1»;  A.  a  braticU  uf  the 
renal  artc^rj;  />,  llm  p«l?l8  of  t\m  ktUu««jr;  £/.  ureter;  C,  a  calyx. 

and  is  twisted.  It  then  narrow?  and  doul>les  back  nito  one  of 
the  pyramids  of  Ferrein  wmX  rniit*  as  it  straight  tube  towards 
the  papilla,  but  liefore  rearliin*:  it  makes  a  loop  {hiop  nf Henlta)^ 
and  turns  liack  again  as  a  strai^lit  tube  towards  the  base  of 
the  pyramid,  wliere  it  once  more  enters  the  cortex,  dilates 
and  becomes  cootoried,  and  then  ends  in  a  spherical  capsule. 
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contftiinng  a  tuft  of  small  blood-vessels.  Or,  followed  the 
other  way,  each  tubule  cQiiimencea  in  the  cortex  witli  a 
globular  dilatation,  the  MahHtfh la n  cam ule.  From  this  it 
continues  as  a  con  vu  In  ted,  Jubule  in  the  cortex;  this  passes 
into  a  pY  ram  ill  of  For  rein,  ^^fflOinftfl  fifi^'^V^  find  runs  to  near 
a  jjjramid  of  Malpighi  as  the  descending  limb  of  a  hup  of 
ifenh.  Turning  at  the  loop,  it  contiiniea  as  its  ascending 
iimb,  and  this  passes  out  again  into  the  cortex  and  becoujca 
the  convoluted  Jtincdonai  inbtde,  which  passes  us  a  straight 
eolieciina  ttibuh  into  a  pyramid  of  Ferrein,  where  it  jonia 
others  to  form  an  excreinnj  tubule;  the  excretory  tubules 
run  into  the  main  pyramid  and  unite  to  form  the  fiisehargtng 
iubnles  whic]i  open  on  the  papilla.  Throughout  its  course 
the  tubule  is  lined  by  a  single  layer  of  epithelium  cells  differ- 
ing ui  character  in  its  different  sections:  they  are  flj^t  and 
cigar  in  the  capsules,  and  very  gramilar  in  both  the  convo- 
hited  parts,  where  their  appearaTice  t;uggests  that  they  are 
not  more  lining  cells  but  cells  with  active  work  to  do;  they 
are  non-granular  and  flat  in  the  descending  limb  of  the  loop 
of  Henle,  clear  and  columnar  in  most  of  the  ascending*  and 
in  both  are  probably  only  protective;  in  the  collgctincr  and 
discharging  tubules  they  are  somewlmt  ciiboidal  in  form  aud 
have  no  active  secretory  function.  All  the  tubes  are  bound 
together  by  a  sparse  amount  of  connective  tissue  and  by 
blood-vessels  to  form  the  gland.  The  lynipli  spaces  are  large 
and  numerous,  especially  about  the  convoluted  portions  of  the 
tubules. 

The  Blood-flow  through  the  Kidney.  The  amount  of 
blood  brought  to  the  kidney  i;^  large  relatively  to  tho  size  of 
the  organ  and  enters  under  a  verv"TTiij|j  frressure  almost  direct 
from  the  aorta,  an<l  leaves  undi^r  <i  Tl'ff  low,  into  the  inferior 
^jtfa  (Fig.Tn).  The  tiual~Fwig8  of  the  renal  artery  uT^ lie 
cortex,  giving  off  a  few  branches  which  end  in  a  capillary 
network  around  the  convoluted  tuhnles  and  in  tlie  pyramids, 
are  continued  as  the  afferent  vessels  of  Malpighian  capsules, 
the  walls  of  which  are  doubled  in  before  them  (Fig.  134); 
there  each  breaks  up  into  a  little  knot  of  capillary  vessels 
called  the  gkntientlns,  from  which  ultimately  an  efferent  vessel 
proceeds.  Where  the  wall  of  the  glomerulus,  ?r,  Fig.  134,  is 
doubled  in  before  the  hlood-vcBsels,  its  lining  cells  continue 
as  a  covering,  r,  to  the  latter,  cloKcly  adhering  to  the  vascular 
walls.     A  spacei  Af  ia  left  between  the  epithelial  cells  of  the 
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outsiile  of  tlie  capsule  and  those  iuToluted  on  the  Tessels,  as 

there  would  be  in  the  i^teriur  of  a  rubber  ball  on^LS^iJiiw^ 
which  W41S  pushed  in  so  as  to  nearly  iiTeet  the  other;  this 
cleft,  into  whicli  any  lifjuid  transuded  from  the  vessels  must 
enter,  opens  by  a  narrow  nvvk^  d,  into  the  commencement  of 
the  first  contorted  part  of  an  uriniferouii  tubule.  The  effer- 
ent vein,  carrying  bloofl  away  from  the  glomerulus,  breaks 
up  into  II  doae  capillary  network   around  the  neighboring 

tubules  of  tlio  cortex.  From  these 
capillaries  the  blood  is  collected 
into  the  renal  vein.  Most  of  the 
blood  flowing  through  the  kidney 
thus  goes  through  two  sets  of  capil^ 
laries;  one  found  in  the  capsules, 
and  the  second  formed  by  the 
breaking  up  of  their  efferent  veins. 
The  capillary  network  in  the  pyra- 
mids is  much  less  close  than  that 
in  tiie  cortex,  which  gives  rciison  to 
suspect  that  most  of  the  secretory 
work  of  the  kidneys  is  done  in  the  ' 
Flo.  1JI4  -PiRCTam  showinir  a  camjiles    and   convoluted   tubules. J 

kttltif)'   k'LMiiierulus  &tidi  the  com-   rifr^  -  i    \     7T™^"T^^*^  i 

m»nc*>mfnt   of    ni)  3J£yyjteSff«  1  h^    pyraniuiui    bloori    iiuws    onlj 
fflminjT  in  the  wall,  ir,  of  a  Mftini   througli  ouG  sct  of  capUlaries,  there 
^^r^^.^'^^t^y^^g  r^o  glomeruli  in  the  kidney 

Jimn  coVf-Hng  the  vftucuUr  tuft;   "*euuiiu. 

ft.r  the  wiki*  of  tiiistinctnes*  it  la  ^y^q  Renal  Secretion.  The 
for  the  whole  tiifi,  hut  in  imtutv  amouut  of  this  Carried  olT  from  the 

It     furms     u     chiHr'      Irivpsliiiput    -       -       , 

around   i-ach  veiwel    of    the   irlo    liotly  in  *4  hoUTS  IS  SUOiect  tO  COU- 

mpnihiH;  J.  wpftOH  in  cnpi*iil«  into      ■  j     *    i  i  '    .■  1     -  *    n 

which  Hquiti  trnnsmi^Hi  from  sulerablc  Variation,  being  especially 
P«8iw^:ri.  ueokofcnr*«"h*paaiiDsr  aimin!she<l  bv  anything  which  pro- 
lrul"Tnior;V7^'/""u^  perspiration,  and  increased 

ur^iJir'^^^^bSe^m'tu  ^^Kllt  ^>y  conditions,  as  cold  to  the  sur- 
^'**"*"'  fuce,  which  iliminigh  the  skin  ex* 

cretion.  Its  average  daily  quantity  varies  from  1200  to  1750 
cub.  cent,  (40  to  GO  fluid  ounces).  The  urine  is  a  clear 
amher-coloredJunlllI,  tjj  n^gh(4j>  nmti  FiaoUon;  its  specific 
gravity  is  about  lug?,  beiiig  higher  when  the  totid  quantity 
excreteil  is  small  than  when  it  is  greater,  since  the  amount  of 
solids  dissolved  in  it  remains  nearly  the  same  in  health;  the 
changes  in  its  bulk  being  dependent  mainly  on  changes  in 
the  amount  of  water  separated  from  the  blood  by  thekidneja*. 
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Normal  urine  consists,  in  1000  parts,  of  about  9(10  water 

and  of  nonj^iMtrogenous  organic  bodies  are  also  present,  and  a 
considerable  quantity  of  minerj^l-«iUB.     The  following  table 
gives  approximately,  in  the  first  column,  the  average  conijK»- 
eition  of  the  urine  ejEcreted  in  twentj-fonr  hours  expresstnl  in 
grams;  in  tiie  second  column  the  same  exiiressed  in  grains. 
The   third   column  givee  the  composiiion   of  lOUO  parts  of 
urine.                                                                                                     ^^H 

Urioe  io  *J4  liours* 

15W  *rram». 

S8.a5(>  grains. 

ta  lOOO  TxurtH.                ■ 

WaU^r, 

1438.00 
72,00 

25J,  134.00 
1110.00 

052.00              _^^ 
48.00             ^H 

Solids*  

The  solids  consist  of — 

Uri^ 

38,00 

0.50 

0,40 

1,0(» 
10,00 

aoo 

8,00     1 
7.00     , 
0.75 
2M\ 
n  00 
0.26    1 
O.tJO 

511,  r>o 

7,75 

6.20 

15.50 

1*^5  m) 

81,  IK* 

4<i.50 

lOH  50 

12.<K) 

38.75 

170.50 

3.  HO 

8,(K) 

22.00             ^J 

Uric  acid 

Hijjpuric  acid ,,, , 

Kreiitiiiiu ...,, 

Pigments  and  fats. , . 

Sulphurif*  arid 

Fhortplioric  acid 

Chlorine. ...  , , . 

AitunnDia 

Potas^siym. , , . « . , 

Sodium 

Calcium ,. ,, . . 

Magnesium . « .  ♦ 

71.00 

lllO.OU 

The  urine,  however,  even  in  health  is  subject  to  consid- 
erable variation    in   composition;    not  only  as   regards   the 
amount  of  water  in  it,  but   also  in   respect  to  its  solid  con- 
stitnents;  the  hitter  are  especially  modified  by  the  quantity 
and  nature  of  the  food  taken. 

The  Crystalline  Nitrogenous  Constituenta  of  the  Urine 
are  of  great  interest  as  they  represent  the  final  result  of  the 
brenkinjsr  fJowrr  in  the  Body  ofnlbttiiiiiioii»afid^hititinginou8 
substances,  whether  due  to  tissue  waste  or  to  tlie  destruction 

them  in  solution.     Their  chemical  relationships  tend  to  cast 
eome  light  on  the  structure  of  an   albumen  molecule  and  on 
the  metabolisms  it  undergoes  in  the  living  organism.                    ^^H 

■^             1 
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Urea  (X,H^CO)  is  the  chief  nitrogenous  waste  product 
'  ^  'of  the  human  Body  and  is  rehited  to  the  ammonia  group, 
being  readily  converted  into  ammonium  carbonate  by  hydra- 
tion, a  change  which  occurs  under  the  influence  of  some 
living  ferments  when  stale  urine  becomes  alkaline  and  ac- 
quires its  well-known  offensive  ammoniacal  odor — 

N,n,CO  +  2H,0  =  (NH  J.CO.. 

On  another  side  urea  is  allied  to  the  cyanogen  group  of  sub- 
stances, being  isomeric  with  ammonium  cyanate,  which   is 
4  •  converted  into  it  by  simple  heating. 

'  \  K'A'n\-  .Uric  acid  (C^H^N^O,)  is  present  in  but  small  quantity  in 

normal  human  urine,  but  is  the  obiel  nitrogenous  excretion  .  • 
^     of  birda'and  roptiioG.     Its  molecular  structure  is  more  coni-;'^   ^ 

»  4  ..  plex  than  that  of  urea,  and  when  it  is  decomposed  by  various;^  *^v  , 
^"^  ^  '  methods  urea  is  very  frequently  one  of  the  products.  It  is  a  •/-  / 
t.   .*  .V.        1©88   complete   product   of  proteid   degradation   than    urea. 

^ '•i  ...v^iSome  of  its  decompositions  indicate  relations  to  oxalic  acid 
and  to  amido-acetic  acid  (glycin),  and  through  this  latter  to 
the  ammonias  and  the  fatty  acids  series.  In  human  urine 
uric  acid  exists  chiefly  in  the  form  of  salts  of  potassium  and 
sodium;  these  are  less  soluble  in  cold  than  in  warm  water, 
and  are  sometimes  deposited  as  a  flocculent  precipitate  when 
originally  clear  urine  is  left  to  cool.  The  precipitate  dis- 
appears on  reheating  the  liquid. 

Hippuric  acid  (C,  11,0 J  is  scanty  in  normal  human  urine 
but  abundant  in  the  urine  of  herbivora.  Chemically  it  is 
related  to  the  aromatic  series,  being  formed  when  benzoic 
acid  and  glycin  are  made  to  unite  with  dehydration;  and  it 
is  broken  up  into  those  substances  when  boiled  with  mineral 
aci«l3.  Certain  aromatic  bodies  allied  to  benzoic  acid  are 
found  ill  hay  and  similar  foods  and  account  for  the  large 
amount  of  liippurates  in  herbivorous  urine.  But  proteids 
when  broken  uj)  by  putrefaction  aLso  yield  bodies  of  the  ben- 
zoic group,  and  the  hippuric  acid  of  human  urine  probably 
has  its  origin  in  the  liberation  of  benzoic  residues  in  metabolic 
activities  of  some  of  the  living  cells  of  the  Rody;  these 
residues  being  then  combined  with  glycin  to  form  hippuric 
acid.  That  glycin  is  formed  in  the  Body  is  shown  by  the 
fact  that  benzoic  acid  given  in  food  reappears  in  human  urine 
as  hippuric  acid,  having  been  somewhere  united  to  a  glycin 
residue. 
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Kreatinin  (C,H,N,0)  is  closely  allied  tokreiitiii  (C  JI.N.OJ, 
of  which  it  h  u  simple  deliydrutiou  product.  Kreatin  is  a 
normal  cuiistitiient  of  njii8cle  (0.2-0.3^),  beitig,  indeed,  most 
coiivenieutly  prepared  from  Lieliig's  extrac't:  it  is  also  known 
that  kreatin  introduced  iiUo  the  liody  ig  converted  into 
kreatinin;  for  if  given  in  the  food  it  causes  an  equivalent 
increase  of  the  kreatinin  excreted  in  the  nrine.  Kreatin 
formed  in  the  muscles  haa  acetn'dirigly  been  supposed  to  be  a 
source  of  the  kreatinin  of  the  urine,  but  this  does  imt  appear 
to  be  the  case,  aa  all  kreatinin  disappears  from  the  urine 
during  starvation.  The  kreatinin  of  normal  nrine  probably 
has  its  source  in  the  kreatin  of  tiesh  eaten  as  food. 

Hie  rriftart/  Pigmof/s  are  still  very  imperfectly  known, 
but  appear  in  part  to  be  derived  from  uro-bilin^  which,  as  we 
have  seen  (Cliap.  XXIV),  h  itself  probably  a  derivative  of 
haemoglobin. 

Of  the  inorganic  salts  ^odinrn  chloride  is  by  far  the  most 
abundant^  hot  the  pliosp/idtts  deserve  notice  because  the 
acidity  of  normal  fresh  nrine  is  dependent  on  the  presence  of 
acid  sodium  phosphate. 

In  various  diseases  abnormal  substances  are  found  in  the 
nrine:  the  more  important  are  albumens  in  aJbtftftinuria  or 
Bright's  disease;  grape  sugar  or  glucose  in  tliaheUs;  bile 
salts  ;  bile  pigniontH. 

The  Secretory  Actions  of  Different  Parts  of  an  Urinif- 
eroufl  Tubule. ^T lie  tnicroscojiie  strmlure  of  the  kidneys  is 
such  as  to  suggest  that  in  those  organs  we  have  to  do  with 
two  essentially  distinct  si^cretory  ap|iaratU8es:  one  represented 
by  the  glomeruli,  with  their  capillaries  separated  only  by  a 
single  layer  of  flat  epithelial  cells  from  the  cavity  of  the 
capsule  and  especially  adajited  for  fHfmiioii  ^nwi  ^liidyAifi ;  tlie 
other  represented  by  the  contorted  portions  of  the  tubules, 
with  their  Inrgfi  gran^^lar  ^^^^°  which  clearly  liave  some  more 
active  jmrt  to  play  than  that  of  a  mere  passive  transudation 
memVjrane,  And  we  find  in  the  urine  subetancei  which  like 
the  ^wti^r  nmt-wTfut'Titl  !«i»Vl#- may  easily  be  accotmted  for  by 
mere  physical  processes,  and  others,  nrwrwpecially*  which  ar© 
present  in  such  proportion  as  must  be  due  to  some  active 
phyiiiolui^tl'ILl  ffi'ii^k  of  the  kiilney,  whether  a  merely  iyluotiTe 
activity  of  its  cells  <K  a  eoii*^i*i*lfi^^one.  More  direct  evi- 
dence does,  in  fact,  justify  us  in  saying  that  in  general  the 
gloniernli  are  transudation  organs,  the  cantOTtwl  |IUPtTonfi  of 
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the  tubuli  stjcjietuijf  mgans,  while  the  loofM  of  Henle  and  the 
oeUeotiiig  And  disehMrgiug  tubules  are  merely  imaeitu  tihmmula » 
for  the  gathering  and  transmission  of  liquid.  Even  in  the 
gkuEuuaili,  however,  the  renal  cells  provide  something  more 
than  a  merely  passive  physical  membrane  for  dialysis  and 
filtration:  to  a  certain  extent  they  control  the  passage  of 
substances  through  them;  while  they  are  in  honlrii  ne  earmn 
albumen  or.  paraglobnUn  pagoA  through  them  into  the  urine, 
though  Qgg  albumen  inject^  into  the  blood  of  a  living 
mammal  does.  But  when  they  are  altered  in  disease  or  even 
by  a  temporary  stoppage  of  their  blood -supply,  then  they 
allow  the  normal  blood  proteids  to  transude:  if  the  blood- 
supply  of  a  kidney  be  cut  off  for  some  minutes  by  clamping 
the  renal  artery,  then  the  urine  secreted  for  some  time  after 
the  clamp  is  removed  is  albuminous. 

The  structure  of  the  gl^iueuU^r  epitlielium  and  its  rela- 
tion to  the  blood-vessels  are  such  as  to  make  it  aluMM<)-eertain 
that  when  artmrnon  appears  in  the  urine  it  enters  through 
them  and  not  througli  other  parts  of  the  tubule;  but  in  some 
amptiil»tH  we  get  dire^ct  iSrrdence  of  the  entry  of  substances  other 
than  salts  and  water  into  the  renal  secretion  by  the  path  of 
the  ^Nfalpighian  capsules.  In  auipliibia  the  blood  carried  to 
the  kidney,  like  that  sup})lyiiig  the  ninninmlian  liver,  has  two 
sources,  one  venols  and  one  arterial  ;  the  arterial  su])]^ly 
conies  from  the  renal  arteries,  the  venous  from  the  veins  of 
the  leg  by  the  ronjiortnJ  vein,  HotL  bloods  leave  the  organ 
by  the  renal  veins,  but  their  distribution  in  it  is  in  irreat  part 
distinct;  the  arteries  sui)j)ly  the  glomeruli,  the  reniportal 
vein  the  tubules  of  the  cortex,  though  mixed  there  with  blood 
from  the  efferent  vessels  of  the  glomeruli.  In  some  small 
amphibia  it  is,  in  fact,  possible  to  observe  the  circulation  in 
the  living  kidney  and  to  see  that  all  blood-flow  in  the  glomer- 
uli ceases  when  the  renal  arteries  are  tied,  though  it  con- 
tinues elsewhere  throughout  the  organ.  When  &n«n>f  or 
pej^tyone- is  injected  into  the  blood  of  such  an  animal  those 
substances ap})ear  in  the  urine;  but  if  the  rBuaLaxLoiies  be  pre- 
viously tted-tliey  dcw»#^.  It  is  true  that  under  those  circum- 
stances all  secretion  of  urine  usually  ceases,  hut  it  may  be 
excited  by  administering  certain  drugs,  and  then  is  found  to 
be  free  from  sugar  and  peptone.  Grai)e-sugar  when  present 
in  the  blood  of  mammals  beyond  a  certain  small  })ercentage 
passes  out  in  the  urine;  and   the  same  is  true  of  peptone: 
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indeed,  the  abeeitce  of  peptone  (or  of  all  but  the  merest  traces 
of  it)  from  heiilthy  human  urine  is  one  of  the  maiiv MMaM 
for  believing  that  pe})4^&& absorbed  from  the  ftlimente|)By  canal 
is  converted  at  once  by  the  lyfa^Uaid  tissues  of  the  mucous 
membrane  into  t!ie  profiar  pre  ^  '^-  ''  ^''^'  ^^lood  plasma. 
When  sugar  appears  in  the  urin  e  or,  as  some- 

times happens  temporarilv,  in  heahli,  after  a  meal  rich  in 
starcliy  substances  we  have  from  the  results  of  experiment 
on  amphibia  reason  to  believe  that  its  path  of  excretion  is 
through  the  glomeruli.  Iti  hxwmmyMnnurift,  a  cotiditiou  in 
which  haemoglobin  is  found  in  solution  in  urine  (not  in  blood- 
corpnacles,  for  in  that  case  it  may  iiave  come  from  ruptured 
vessels  anywhere  m  the  renal  apparatus),  tliehiemo^dobin  also 
passes  out  through  the  Malpigliian  bodies:  for  when  some 
laky  blood  {Chaji.  IV)  is  injected  into  the  vessels  of  an  anitual 
and  the  secretion  of  urine  at  tiie  satue  time  made  slow,  col- 
lections of  ha?moglobiii  may  be  foun*!  in  the  cavities  of  the 
capsules.  While,  however,  we  iiave  evidence  that  the  epithe- 
lium of  the  capsuht  bus  a  certain  selective  power  and  is  the 
s]*ecial  seat  of  transmission  of  particular,  esperially  abnormal, 
urinary  constituents,  yet  on  the  whole  the  glonjcruli  provide 
a  merely  pdiysical  apjjaratns,  Throngh  them  most  of  the 
hulk  of  the  lunue  passt^s  out,  and,  flushing  the  more  active 
portions  of  the  tnlniles  on  its  course  to  the  pelvii<  of  tlie  kid- 
ney, picks  up  from  thcni  the  more  specific  urinary  con- 
stituents. 

TTfft-x  is  i-hp  most  important  and  most  abundant  of  the 
characteristic  ingredients  of  urine,  and  it  has  a  very  marked 
influence  on  kidney  activity,  the  injection  of  some  of  it  into 
blood  cfMiiinj^  a  greatly  tmril!IUJl!fl  aecl^tion  of  urine,  in  which 
the  injected  urea  is  rjuickly  passed  out»  Judging  from  ex- 
peri  men  ts  on  amphibia,  urea  is  not  excreted  or  at  aii}^  rate  'vat 
rjiiiflj  igtrnrtii  \j  thn  (ylTTniTrrlf  On  tying  the  renal  arte* 
Ties  of  one  of  these  animals  urinary  secretion  ceases,  there 
being  then  no  blood -pressure  in  the  glomeruli  to  cause  the 
transudation  of  lir|uid;  but  if  some  urea  be  now  injected 
into  the  blood  the  ephithelial  cells  of  other  parts  of  the 
tubules  are  stimulated  to  secrete,  and  urine  rich  in  urea  ia 
formed;  but  in  these  circumstances  it  cannot  come  from  the 
Malpighian  bodies.  It  would  seem  tlien  that  urea  is  a  special 
stimulant  to  some  cells  of  the  tubulcb,  and  that  an  exceas 
of  it  in  the  blood  can  stir  them  up  to  its  elimination  along 
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with  some  water,  quite  independently  of  any  formation  of 
trail sudntion  urine*  In  muninmlia  we  eainiot  gepamte  the 
glomeruliir  secretion  from  tlie  tubular  as  in  amphibia;  and 
the  diuresis  wliieh  adminiBtnition  of  urea  causes  in  thein  is 
in  part  due  to  increased  glomerular  activity,  as  urea  dilates 
the  kidney  vessels  and  causes  more  blood  flow  through  the 
glomeruli,  which  causes  the  traiiendatitin  of  more  water 
through  them;  but  the  simultaneous  increase  of  nrea  is 
almost  certainly  due  to  special  activity  of  the  other  parts  of 
the  tubules. 

The  prot^idiUMid  ttH^nrntnoifk  of  food  may  while  withiii 
the  organism  have  been  builtTup  into  tissue  or  may  have 
remained  in  solution  in  the  liquids;  but  in  either  case  thej 
are  sooner  or  later  broken  up  and  oxidized,  the  main  fiu, 
prod  nets  bei ug  eiurhoft  dioiide,  wfiter»  and  trrpTT*  But  this 
breaking  down  may  and  does  occur  in  many  stages  and  by 
different  modes  in  the  various  tissues;  and  there  is  no  doubt 
that  most  of  the  intcrtnediate  processes  in  the  chemii 
degradation  of  albyminous  compounds  take  place  outsidi 
the  kidneys.  It  was,  however,  at  one  time  believed  that  the 
urea  itself  wa^?  a  kidney  product :  that  the  penultimate  xiU 
trogenous  prodncts  of  proteid  degradation  were  brouglit  to 
the  kidneys»and  that  there  the  final  formation  of  urea  took 
phice.  But  if  this  were  so  there  could  not  be  Icioa  urm  in  the 
blood  leaving  the  kidiuiyA-by'UteJr-TMfM  than  in  that  brought 
to  them  by  the  rauaLiLCtixriei&;  yet  such  is  the  case.  And 
further,  if  urea  l>e  made  in  t!ie  kidneys  it  ought  not  to 
accumuhite  in  the  blood  of  animals  from  whom  both  kidneys 
have  been  removed,  as  it  is  now  known  to  do,  though  not 
the  immediate  cause  of  the  symptoms  of  so-called  firmmic 
poismiing  seen  in  jwrsons  with  extensive  kidney  disease. 
So  far,  then,  as  urea  is  concerned  the  ij«^^  uf  tb«i  liitlney 
tubules  are  not  its  producers;  they  luive  a  spiiiitl  mftiiiily  for 
it  and  piak-  it  up  from  the  IjTTfpTT  of  the  kidney,  which  in 
turn  gctt^  it  from  the  blood*  The  cells  then  jiass  it  o!i  with 
some  wiiter,  and  no  doubt  other  things,  into  the  tubules 
which  they  line.  That  it  is  the  e]>itheliiil  cells  of  the 
contorted  portions  of  the  tubules  which  especially  exer- 
cise this  select ivi*  jjower  is,  so  far  as  urea  is  concerned, 
a  presumption  hjiseil  on  their  histological  clniracters,  but 
there  is  evidence  that  these  cells  have  a  special  seleoti 
power  for  some  other  substances  circulating  in  the  blood > 
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A  bhia  flMbetancc  known  us  sotiiiirit  iu]f4mJogate  after  in- 
jectiuu,  in  solo ti on,  into  a  vein  uf  an  iininial  is  excreted  in 
the  bile  and  urine.  If  the  animal  be  killed  during  the 
excretion  no  traces  of  this  body  can  under  normal  circum- 
stances  be  detected  in  any  special  part  of  the  kidney;  it  is 
in  fact  washed  away  by  tlie  nrine  as  fast  ag  the  cells  pick  it 
np  and  pus^j  it  into  the  tnbuli.  But  if  the  blood-pressure  of 
the  aninud  be  made  so  low  (as  by  cutting  the  main  Taao- 
constrictor  nerves)  as  to  bring  the  renal  secretion  to  a  stand, 
and  the  animal  be  killed  some  time  after  injection  of  the 
indigutate,  the  glomeruli  and  most  of  the  tubnles  are  found 
free  of  the  blue,  which  lies  f>n4y4w  the  nofiVftiTted  purtJon^ 
just  where  the  C^lls  whiidi  g«Uitti:eiLit  from  the  circulating 
lirpiid  had  passed  it  out. 

Tliough  the  renal  epithplium  does  not  make  urea  it 
ha^  ^tmstrnctlte  powers  as  regards  sou^eother  urinary  constit- 
uents. As  already  stated,  banaaM-ift^  taken  with  the  food 
leaves  the  Body  as  hippniu'  nrid,  miving  been  combined 
with  glyein.  If  blood  cuntaiiiiui:  henzoic  acid  and  glycin  be 
artiticially  circulated  through  a  perfectly  fresh  still  living 
kidney,  the  renal  vein  blood  will  contain  hippurio  acid. 
Even  if  no  glycin  be  provided  in  the  blood  injected  through 
the  renal  artery  the  returning  blood  will  still  yield  hij>puric 
acid.  So  ImtT^'  ki4n^  cells  can  not  only  perform  the 
synthesis,  with  dehydration,  necessary  to  form  hippuric  acid, 
but  can  ako  furni  and  sujudy  the  rerjnired  glycin.  The 
process  is  nlosely  dt^pendent  on  the  vitality  of  the  cells;  the 
experiment  fails  if  the  organ  be  not  perfectly  fresh  and  unin- 
jured, and  if  the  hlood  supplied  be  not  properly  arterialized. 

The  Influence  of  Renal  Blood-llow  on  the  Amount  of 
tTrine  Secreted.  From  the  strnetore  of  the  glomernli  and 
the  fact  that  most  ot  the  water  of  the  urine  is  derived 
from  them  it  is  a  priori  probable  that  anything  tending  to 
increase  the  pressure  of  blood  in  them  will  increase  the  bulk 
of  urine  secreted,  and  anything  diminishing  that  ]>ressure 
decrease  the  urine.  This  is  contirmed  by  experiment.  The 
kidney  is  supplied  with  both  vaso-coni*trictor  and  vaso-ddator 
nerves  which  reach  it  mainly  through  the  solar  plexus, 
though  both  sets  come  ultimately  from  the  spinal  cord. 
When  the  spinal  cord  is  cut  in  the  neck  region  of  a  dog  the 
kidney  vessels  as  well  as  those  of  the  rest  of  its  body  dilate 
and   blood -pressure   everywhere   is  Yery   low.     Under   these 
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circumstances  the  secretion  of  wrine  is  siippreissed*  If  the 
lower  end  of  the  cut  cord  be  stimulated  the  vessels  all  over 
the  body  of  the  animal  contract,  and  blood-pressure  every- 
where becomes  very  high.  But  the  kidney  vessels  being 
constricted  with  the  rest  allow  very  little  blood  to  enter 
the  glomeruli  in  spite  of  the  high  aortic  pressure,  and  little 
or  no  urine  is  secreted.  If,  however,  the  vasoconstrictor 
nerves  of  the  kidney  Iw?  cut  before  the  stimulation  of  the 
cord,  we  get  a  dilatation  of  the  kidney  yessela  with  a  con- 
striction of  vessels  elsewhere,  and  abundant  blood  flows 
through  the  glomeruli  under  high  pressure  :  the  whole 
kidney  swells  and  abundant  urine  is  formed.  When  the 
skin  vessels  contract  on  exposure  to  cold,  more  blood  flows 
through  internal  organs,  the  kidneys  included,  and  the  blood- 
pre«aure  in  these  is  if  anything  increased^  the  expansion  of 
internal  arteries  not  at  the  most  more  than  counterbalancing 
the  constriction  of  the  cutaneous.  Hence  the  greater  secre- 
tion ol  urine  in  €old  weather  Injection  of  a  little  water 
into  a  vein  of  an  animjil  C4Mises  a  very  transient  constriction 
of  the  kidney  vessels  followed  by  a  dilatation;  and  general 
blood-pressure  not  being  at  the  same  time  lowered,  pressure 
in  the  renal  glomeruli  is  high  and  the  secretion  of  urine 
increased.  XJrem  introduced  into  the  Idixxi  acts  in  a  similar 
way,  but  more  markedly  .  so  that  this  substance  causes 
diuresis  not  merely*  as  we  have  seen,  by  stimulmiiiii  the  r^Bfl 
of  the  tubuli,  but  also  by  "^^i^^"g  ^^*t  Tn?irilihUiir  n^rvr^  of 
the  glomoTttitti  arteries.  Solution  of  sodium  acetate  or  even 
of  common  salt  injected  into  the  veins  causes  very  marked 
local  vascular  dilatation  in  the  kidney,  and  hence  great  flow 
through  the  organ  under  high  pressure  and  a  marked  in* 
crease  in  the  quantity  of  urine  excreted.  Even  if  the  nervea 
going  to  the  kidney  l>e  first  cut,  the  alwve  results  follow^ 
these  salts  appearing  to  act  "Irrtntly  nn  n  ht^id  roui 
dilator  mechanism.  They  may  of  course  also,  like  urea, 
directly  stimulate  the  cells  of  the  contorted  tubules,  but  this 
is  not  proved.  The  increased  secretion  of  urine  after  drink- 
ing much  water  is  probably  produced  by  the  dilution  of  the 
blood  by  the  liquid  absorbed  by  the  alimentary  canal,  essen- 
tially in  the  same  manner  as  the  extra  secretion  caused  by 
direct  injection  of  water  into  the  blood-vessels.  That  the 
central  nervous  system  may  iutluence  the  renal  secretion  is 
well   known,  feftc,   for  example,  stmnHnttng    it.     Probably 
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such  influence  is  mainly  due  to  vago-motog  ^ibanges — either 

pamlysis  of  tli6  renal  vaso-constrictor  norves  or  stiniuhition 
of  the  vaso-diUitor.  Such  charigus  would  account  for  tlm 
phenomenon,  and  there  is  no  evidence  of  the  existence  of 
tnic  sw^eUtf^f  .uervea  ucting  directly  on  tho  cells  of  the 
organ  hjs  certain  fibres  of  the  olioi'da  Lympani  (Chap.  XL\) 
do  ou  the  cells  of  the  atibmaxiHtiry  gteud. 

The  Skin,  winch  covers  the  whole  exterior  of  the  Body, 
consists  everywhere  uf  two  distinct  hiycrs  ;  un  outer,  the  «?«/** 
cle  or  rpidvfmisy  and  a  deeper,  the  dtrmis^  tut  in  irnt^  or 
contutL  A  bittt^r  is  due  to  the  aceuniulation  of  li(|uid  be- 
tw#0ti  these  two  layers.  The  /tairs  and  ntdh  are  excessively 
develo])ed  parts  of  the  epidermis. 

The  Epidermis,  Fig,  11)5,  consists  of  cells,  arranged  in 
many  layers,  and  united  by  a  small  amount  of  cementing 
substance.  The  deepest  layer,  f/,  is  composed  of  elongated 
or  columnar  cells,  set  on  with  their  huig  axes  jmrpendicular 
to  1 1 le  f o r i  u  ( n  1  >e n ea 1 1  u  T o  i  t  s  n  fcce d  se v e ral  i ay e ra  o f  r on  n d - 
ish  cells,  ^,  the  ileepest  of  which,  prickh  cvUs,  are  covered  by 
minute  processes  (not  indicated  in  the  figure)  which  do  not 
interlock  but  join  end  to  end  so  as  to  leave  narrow  spaces 
between  the  cell^? ;  in  more  exter?j5d  layers  the  cells  bec-nnie 
more  and  more  tiattened  in  a  plane  juirallel  to  the  surface. 
The  outermost  epidermic  stratum  is  composed  of  many  layers 
of  extremely  flattened  cells  from  which  the  nuclei  (conspicu* 
ous  in  the  deeper  layers)  have  disapj^eared.  These  super- 
ficial cells  are  dead  and  are  constantly  being  shed  from  X\m 
surface  of  the  Body,  while  their  place  is  taken  by  new  cells, 
formed  in  the  deeper  layers,  and  jHished  up  to  the  surface 
and  flattened  in  their  progress.  The  change  in  the  form  of 
the  cells  a«  they  tnivel  outwards  is  accompanied  by  chemical 
changes,  and  they  finally  constitute  a  semi  transparent  dry 
hnrnff  sfrnfum,  rt,  distinct  from  the  deeper,  more  opaque  and 
softer  MftlpifjItitiH  or  mueaus  lntft*i\  b  and  (/,  of  the  e]>ider- 
mis.  The  cells  of  this  latter,  in  spite  of  their  name,  are  not 
niuceginous;  they  are  solutile  in  acetic  acid  ;  those  of  the 
horny  stratum  not. 

The  rolls  of  material  which  are  peeled  off  the  skin  in  the 
"shampooing  *' of  the  Turkish  bath,  or  l*y  nibbing  with  a 
rough  towel  after  an  ordinary  warm  bath,  are  the  dead  outer 
scales  of  the  horny  stratum  of  the  epidermis. 
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In  dark  races  the  color  of  the  skin  depends  inaiuly  on 
nimute  ptf/meaf  granuivis  lying  iti  the  celh  uf  the  deuper  part 
of  the  Mulpighian  layer. 

No  hloud  or  lyni phytic  vessels  enter  the  epidermis,  which 
18  entirely  nouriished  by  matters  derived  from  the  subjacent 
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Pio.  tSS.^A  fw»ctlofi  fhrouifts  the  enltl*»rmlii,  iM>m#whAt  dJAfrmmmatlc,  bifcti^r 
mii^rnlrtwi,  Bel'»w  Ig  Been  a  (vupilln  uf  th*'  clerinin^  wiih  Its  HTU*Fy.  f,  arifi  v*»iMs,  ay  ; 
o,  the  liornv  lfty**r  of  tlii^  p|»iiJi '■mi*  ;  6,  ih«  retf  muoosmn  or  MHlpiKtimn  layer;  d* 
the  lnyer  of  columnar  epidf<riiilc  cellHi  in  iiuiiiediaie  coftUMTt  wUh  tlie dermis  ;  h,  the 
duct  of  A  ftWeat-Klciod. 

coriiim.     Fine  nerTe-fibrea  run  into  it  and  end  there  among 
the  celli?. 

The  Corium,  Cutis  Vera^  or  True  Skm,  Fig.  136,  consists 
fundanientaJly  of  a  r]n>r  f*  It  work  of  i^hu^tic  and  white  fibrous 
ttsdue,  which,  becompn-j  wiilofmeshed  I  jol  o  wri^affyi»  grad  ii  ally 
into  the  stflfrufttfif  J/tr  ti^9ife   (Uhjq^  VMI)    which 

attaches  Mie  skin  hn*.^. ,;  ;,-  pnvU  beneath.    In  eaTintirg^it  is  the 
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cutis  vera  which  is  turner!  into  laAiber,  its  white  fibrouB  tissue 
forming  nn  iTiDijlny.t^  find  tmig-h  ooniponnd  with  the  tannin 
of  tlie  oak-Lurk  einpluved.  Wherever  there  are  hairs,  him- 
dles  of  |dain  rimHculitr  tissue  ure  found  in  the  eurium  ;  it 
contains  also  a  close  capillary  network  and  numerous  lym- 
phatics and  nerves.  In  shaviugp  so  long  aa  the  razor  keeps 
ni  the  epidermis  there  is  no  bleeding;  but  a  deeper  cut  shows 
at  once  the  viiscnhirity  of  the  true  skin. 

The   outer  surface  of  the  corium  is  ahnost  everywhere 
raised  into  minute  elevations,  called   the  pa  pi  liip,  on  which 
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Flo.  i3ft.— A  f»e<?tloii  thron^K  Ihp  Akin  unrt  ffiibcuTjinpOTi«  arer^lar  (iraue.  fc, 
liomy  ftirnttim.  and  m.  fJ*'^»"p**r  m>»r**  fi|iHttii»*  layer  «C  the  epiilermi*  ;  d.  derml;; 
p&sMhiii;  Wluw  hito  tr,  |r»..H^*  riri'iilrtT  rjN»ti«^»  wiih  rut,  /,  in  lis  rn»'>iheH  :  above,  dfrmlc 
paptllie  «r«  ««*n,  |»roj»*i'tlfi*r  »utu  tli**  ♦-^pickrmi*  whieh  i*  oioiiUJed  on  lliefri.  r*, 
opeoitis  of  A  avr««t  lelaDil  :  tjt,  thf>  irlnn't  ir^^'tr. 

the  eiMdermis  is  moulded,  so  that  its  deep  mh  presents  pits 
corresponding  to  the  projections  of  the  dermis.  In  Fig,  135 
is  shown  a  papilla  of  the  corium  containing  a  knot  of  blood- 
Vi'sselsi*  supplied  by  the  small  artery,/,  and  liaviug  the  blood 
carried  off  from  them  by  the  two  little  veins,  fj  g.  Other 
pa[ull^  contain  no  capillary  loops  but  specnil  organa  connected 
with  nerve-tibres,  and  supposed  to  be  concerned  in  the  sense 
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of  touch  (Chap.  XXXV),  On  the  palmar  surface  of  tbe  hand 
the  dermic  pa]*illa*  are  especially  well  developed  (as  they  are 
ill  must  parta  where  the  sense  of  touch  is  acute)  and  are  fre- 
quently ivmponnil^  or  (branched  at  the  tip.  On  the  fmut  of 
the  hand,  they  are  arranged  in  rows;  the  epidermis  tills  up  the 
hollo wg  between  the  pupil Ise  of  the  same  row,  but  dips  down 
between  uJjacent  rows,  and  thus  are  produced  the  tiuer  ridges 
Been  on  tlie  pidnis.  In  many  i)laces  the  corium  is  also  fur- 
rowed, as  opposite  the  tinger-joints  and  on  the  palm.  Else- 
where such  furrows  are  less  nnirked,  hut  they  exist  over  the 
whole  skin.  The  epidermis  closely  follows  idl  the  hollows, 
aud  thus  tliey  are  made  visible  from  tiie  surface.  Tlio 
wrinkles  of  old  persons  are  due  to  the  absorption  of  siibca- 
taoeous  fat  and  of  other  soft  parts  beneath  the' skin,  which, 
not  shrinking  itself  at  the  same  rate,  is  thrown  into  folds. 

Hairs.     Kuril  hair  is  a  long  ti lament  of  e|iidermis  devel- 
oped on  the  top  of  a  special  dermic  pai>illa,  seated  at  the 
bottom  of  a  depression  retiching  dowri  from  the  skin  into  the 
tissue  beneath,  and  called  the  hnir-folUcle,     The  portion  of 
a  hair  buried  in  the  i?kin  is  called  its  rmd  ;  this  is  succeeded 
by  a  stem  whicli,  in  an  uncut  hair,  tapers  oil  to  ^jminL    The 
stem  is  covered  by  a  single  layer  of  overlapping  scales  form- 
ing the  hair-viifich  ;  the  projecting  edges  of  these  scales  are 
directed  towards  the  top  of  the  hair.     Beneath  the  hair-cuti- 
cle comes   the  cortex,   made   up  of   greatly  elongated   cells 
united  to  form  fibres;  and  in  the  centre  of  tlie  ehaft  there 
is  found,  in  many  hairs,  a  vivdHlht,  made  up  of  more  or  less 
roumled  cells.     The  color  of  hair  is  mainly  depcTident  upon 
pigment  granules  lying  between    the  filires   of   the  cortex. 
All  hairs  contain  some  air  cavities,  especially  in  the  medulhu 
They  are  very  abundant  in  white  hairs  and  cause  the  white- 
ness by  reflecting  all  the  incident  light,  just  as  a  liquid  beaten 
into  fine  foam  looks  white  because  of  the  light  reflected  from 
the  walls  of  all  the  little  air  cavities  in  it.     In  dark  hairs  the 
air  cavities  are  few. 

The  hair-folliclo  (Fig.  137)  is  a  narrow  pit  of  the  dermis^ 
projecting  down  itito  the  subcutaneous  areolar  tissue,  and 
lined  by  an  involution  of  the  epidermis.  At  the  bottom  of 
the  follicle  is  a  papilla,  and  the  epidermis,  tunring  up  over 
this,  berotnes  continuous  with  the  hair.  On  the  papilla  epi- 
dermic cells  multiply  rapidly  so  long  as  the  hair  is  growing, 
and  the  whole  hair  is  there  made  up  of  roundic^h  cells,    Ajb 
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thdie  got  pushed  up  by  fresh  ones  formed  betieuth  them,  the 
outermost  layer  become  tint-  ^  q 

teiied    and    form    the    hair 

cuticle;   several   sneceeding   fllH^dy^^HUk^^^l^^B A 
layers    elongate    and    form      Sj^^MHH^apWj^^^^g 
the  cortex;    while,  in  bnirs      St3EBMS^^^mfflB^K« t> 
witli  a  mediilht,  the  middle 
cells    retain     pretty     much 
their  original  form  and  size. 
Pidled  apart  by  the  elongat- 
ing cortical  cells,  these  cen- 
tral   ones    then     form    the  0 
medulla  with  its  air  cavities.      rio.  psr  --part«  of  two  hairA  imbc^ided 

nil       »  .1  p    iv       iu  thfir  folllcl^'8     ri,  the  Rkiii,  whk  h  ih  »**ii 

Ine  innermost  Jayer  of  the  todipdortiiHiidiirie^ihefoiiicie;  /Mhesub- 

^..;i^ *,«.:.  »;,:,„  +u^  #  IT  i  *?iitaj^p<iUBtlR8tie;  c,the  jnii«cle»of  lhf?hJlkl^' 
epule^ml8  Immg  the  follicle,  rulllcle.  wHicb  by  their  contratnion  can 
hm  its  cells  projecting,  with    ^-^'^  »'*«halr;  c,,  «el«e«oim glimci. 

overlapping  edges  turned  downwards.  Accordingly  tlieae  inter- 
lock with  the  upward  directed  edges  of  the  eel Ib  of  the  liair- 
CUticIe;  conaerjttuntly  when  a  hair  is  pulled  out  the  epidermic 
lining  of  the  follicle  is  usually  brought  with  it.  8o  long  as  the 
dermic  papilla  i.^left  intact  a  new  luiir  will  lie  formed,  hut  not 
otherwise.  Slender  bundles  of  unstrij^ed  muscle  (r,  Fig.  1-17) 
run  from  the  dermis  to  the  side  of  the  bair-follieles.  'V\\v  lattt^r 
are  in  most  regions  oblif^uely  implanted  in  the  skin  so  that 
the  hairs  lie  down  on  the  surface  of  the  Body,  and  the  mua- 
eles  arc  so  fixed  that  when  they  sljorten,  they  erect  the  hair 
and  cause  it  to  bristle,  af*  may  be  seen  in  an  angry  cat,  or 
sometimes  in  a  greatly  territied  man.  Opening  into  each  h air- 
foil idea  re  u  b  u  a  1 1  y  a  eo  u  p  1  e  o  f  s  e  baee  o  n  s  t>  r  o  i  1  gl  an  iJ  s .  11  a  i  rs  are 
found  all  over  the  skin  except  on  the  palms  of  the  hands  and 
the  soles  of  t  he  feet ;  tlie  back  of  the  last  phalanx  of  the  fingers 
and  toes,  the  upper  eyelids,  aTnl  one  or  two  other  regions. 

Naila.  Each  nail  is  a  part  of  the  epidermis,  with  its 
homy  stratum  greatly  deveh*ped.  The  back  part  of  tlie  nail 
fits  behind  into  a  furrow  of  the  dermis  and  is  called  its  rootn 
The  visilde  part  consists  of  a  bodtj.  iixed  to  the  dermis  be- 
neath (which  forms  the  bed  of  fhe  natl),  and  of  u  free  edge. 
Near  the  root  is  a  little  area  whiter  than  the  rest  of  the  nail 
and  chilled  the  Innula.  The  whiteness  is  due  in  part  to  the 
nail  being  really  more  opaque  there  and  partly  to  the  fact 
that  its  bed,  which  seen  through  the  nail  causes  its  pink 
color,  is  in  this  region  less  vascular. 
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The  portion  of  the  corium  on  which  the  nail  is  forme*! 
]g  called  its  matrU,  Posteriorly  this  forms  a  furrow  lodging 
the  root,  uiid  it  is  by  new  cells  added  on  there  thut  the  uail 
grows  in  length.  The  part  of  the  matrix  lying  beneath  the 
body  of  the  naih  and  called  its  bed,  is  highly  vascular  and 
raised  up  into  papiUa?  which,  except  in  the  region  of  the 
tanuhu  are  arraiiged  in  longitudinul  rows,  slightly  diverging 
as  they  run  towards  the  tip  of  the  finger  or  toe.  It  is  by 
new  cells  formed  on  its  bed  and  added  to  its  undel'  surface 
that  the  nail  grows  in  thickness,  as  it  is  pushed  forward  by 
the  nuw  growth  in  length  at  its  root.  The  free  end  of  a 
nail  is  therefore  its  thickest  part.  If  a  uail  is  ''cast'*  iu 
consequence  of  an  injury,  or  torn  off,  a  new  one  is  produced, 
provided  the  matrix  is  left. 

The  Glands  of  th©  Skin  are  of  two  kinds,  the  sudo- 
riparous  or  sweat  glands,  and  the  sehareons  or  oi7  glands. 
The  former  belong  to  the  tubular,  the  latter  to  the  race- 
mose type.  The  .swmf-glands.  Fig  118,  lie  in  tlie  subcu- 
taneous tissue,  where  they  form  little  globulur  masses  com- 
posed of  a  coiled  tube.  From  the  coil  a  duct  (sometimes 
double)  leads  to  the  surface,  being  usually 
spirally  twisted  as  it  passes  through  the  epi- 
dermii!!.  The  secreting  part  of  the  ghnid 
consists  of  a  connective-tissue  tube,  continu- 
ous along  the  duct  with  the  dermis;  within 
this  is  a  basemei^t  membrane;  and  the  final 
secretory  lining  consists  of  several  hiyers  of 
gland -cells.  A  close  capillary  network  inter- 
twines with  the  coils  of  the  gland.  Sweat- 
glands  are  found  on  all  regions  of  the  skin, 
but  more  closely  set  in  some  places,  as  the 
palms  of  the  hands  and  on  the  brow,  than 
elsewhere:  there  are  altogether  about  two 
and  a  half  milliims  of  them  opening  on  the 
€urlnce  of  the  Body. 

Ihe  gp/j///v'(fi/^  ^j///»^/v  nearly  always  open 

-'^   into  ^^-^jpifvllir^^^^    Hnd  are  lound   wherever 

J     %         .     there   are  hairs.     Each  coneiste  of  a  duct 

%M  n«-4AA.^^^  opening   near  the  mouth   of  a   hair-follide 

.•^^'•itt.ind  branebin^   at   its  other  end:    the  final 

branches  lead  into  globular  secreting  saccules,    "^'^ 

which,  like  the  ducts,  are  lined   with  epithelium.     In  the 


FiQ,  1S«  -Atweat 
^larul.  d.  tiorny 
lny*T  of  eiiUele:  C, 
M«IplKlii.ttti  layer;  6, 
dfTnilg.  Thi*  ccilis 
of  tht-  pTand  proper, 
iinh*  ilfJed  ill  the  mi b. 
eutAnHouK  fat,  are 
iH'en  t>elow  the  der- 
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saccoles  the  Bubstuiice  of  the  cells  becomes  charged  with  oil- 
dropij,  the  protoplasm  disappearing;  and  finally  the  whole 
cell  falls  to  pieces,  its  detritus  constituting  the  fiecreUoiu 
New  cells  are,  meanwhile,  fonned  to  take  the  place  of  those 
destroyed.  Usually  two  glands  are  connected  with  each  bair- 
follicle,  but  there  may  be  three  or  only  one,  A  i^air  of  seba- 
ceons  glands  are  represented  on  the  sides  of  each  of  the  hair- 
follicles  m  Fig.  137. 

The  Skin  Secretions.  The  skin  bestdea  forming  a  pro- 
tective covering  and  serving  as  a  sense-organ  (Chap.  XXXV) 
also  phivs  an  importajit  part  in  regnlating  the  temperatnre  of 
the  Body,  and,  as  ati  excretory  organ,  in  carrying  off  certain 
waste  products. 

The  sweat  poureii  ont  by  the  sntloriparoiis  glands  is  a 
transparent  colorless  liqnid,  with  a  peculiar  odor,  varying  in 
different  races  and,  in  the  same  individual,  in  different  regions 
of  the  Body.  Its  quantity  in  twcnty-fonr  hours  is  subject  to 
great  variations,  but  usually  lies  between  TOO  and  200U  grams 
(10,850  ami  31,000  grains).  The  amount  is  influenced  mainly 
by  the  surrounding  temperature,  being  greater  when  this  is 
high;  but  it  is  also  increased  by  other  things  tending  to 
raise  the  temperature  of  the  Body,  as  muscular  exercise. 
The  sweat  may  or  may  not  evaporate  as  fast  as  it  is  secreted; 
in  the  former  case  it  is  known  m  iiisensihle,  in  the  latter  as 
jiensihle  perspiraiiofi.  By  far  the  moat  passes  off  in  the  in- 
aensible  form,  drops  of  sweat  only  accumulating  when  the 
eecretion  is  very  profuse,  or  the  surrounding  atmosphere  so 
humid  that  it  does  not  readily  take  up  nmre  nmisture.  The 
perspiration  is  acid,  and  in  1000  parts  contaiTis  900  of  water 
to  10  of  solids.  Among  the  latter  are  found  urea  (1.5  in 
lOOU),  fatty  acids,  sodium  chloride,  and  other  salts.  In  dis- 
eased conditions  of  the  kidneys  the  urea  may  he  greatly 
increased,  the  skin  suppleinenting  to  a  certain  extent  defi- 
ciencies of  tliose  organs. 

The  Nervous  and  Circulatory  Factors  in  the  Sweat 
Secretion.  It  used  to  be  believed  that  an  inereased  flow  of 
blood  through  the  skin  would  suffice  of  itself  to  cause  in- 
creased perspiration;  hut  against  this  view  are  the  facts  that, 
in  terror  for  example,  there  may  be  profuse  sweating  with  a 
cold  pallid  skin;  and  i\v\\  in  many  febrile  states  the  skin  may 
be  hot  and  its  vessels  full  of  blood,  and  yet  there  may  be  no 
sweating. 


448  THB  HUMAN  BODY. 

Direct  experiment  shows  that  the  secretory  activity  of 
the  sweat-glands  is  under  immediate  control  of  nerve-fibres, 
and  is  only  indirectly  dependent  on  the  blood-supply  in  their 
neighborhood.  Stimulating  the  sciatic  nerve  of  the  freshly 
amputated  leg  of  a  cat  will  cause  the  balls  of  its  feet  to 
sweat,  although  there  is  no  blood  flowing  through  the  limb. 
On  the  other  hand,  if  the  sciatic  nerve  be  cut  so  as  to  para- 
lyze it,  in  a  living  animal,  the  skin  arteries  dilate  and  the 
foot  gets  more  blood  and  becomes  warmer;  but  it  does  not 
sweat.  The  sweat-fihres  originate  in  certain  sweat-centres  in 
the  spinal  cord,  which  may  either  be  directly  excited  by 
blood  of  a  higher  ten4>erature  than  usual  flowing  through 
them  or,  reflexly,  by  warmth  acting  on  the  exterior  of  the 
Body  and  stimulating  the  sensory  nerves  there.  Both  of 
these  agencies  commonly  also  excite  the  vaso-dilator  nerves 
of  the  sweating  part,  and  so  the  increased  blood-supply  goes 
along  with  the  secretion;  but  the  two  phenomena  are  funda- 
mentally independent. 

The  Sebaceous  Secretion.  This  is  oily,  semifluid,  and 
of  a  special  odor.  It  contains  about  50  per  cent  of  fats  (oleiu 
and  palmatin).  It  lubricates  the  hairs  and  usually  renders 
them  glossy,  even  in  persons  who  use  none  of  the  various 
comi)ounda  sold  as  "  hair-oil."  No  doubt,  too,  it  gets  spread 
more  or  less  over  the  skin  and  makes  the  cuticle  less  permea- 
ble by  water.  Water  poured  on  a  healthy  skin  does  not  wet 
it  readily  but  runs  off  it.  as  **  off  a  duck's  back  "  though  to  a 
less  marked  decree. 

Hygiene  of  the  Skin.  The  sebaceous  secretion,  and  the 
solid  residue  left  by  eva}»orating  sweat,  constantly  form  a 
solid  film  over  the  skin,  which  must  tend  to  choke  the 
mouths  of  the  sweat-glands  (the  so-called  '*  pores"  of  the 
skin)  and  im})ede  their  activitv.  Hence  the  value  to  iiealth 
of  keeping  the  skin  clean:  a  uaiT\'T5?lth  should  be  taken  by 
every  one.  Women  cannot  well  wash  their  hair  daily  as  it 
takes  so  long  to  dry,  but  a  man  should  iiuuierse  his  head 
when  }ie  takes  his  bath.  As  a  general  rule,  soap  should  only 
be  used  occasionally;  it  is  (jiiite  unnecessary  for  cleanliness, 
exce})t  on  exposed  parts  of  the  Body,  if  frequent  bathing  be  a 
habit  and  the  skin  be  well  rubbed  afterwards  until  dr}^ 
Soap  nearly  always  contains  an  excess  of  alkali  which  in  itself 
injui'es  some  skins,  and,  besides,  is  apt  to  combine  chemically 
with  the  sebaceous  secretion  and  carry  it  too  freely  away. 
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Persons  whose  skin  will  not  stand  soap  can  find  a  good  snb- 
fititute,  for  wasliiiig  the  Iiaiuls  and  face,  in  a  little  uornoieaL 
No  donbt  msiiiy  folk  go  about  in  very  good  health  with  very 
little  wasliiiig;  contact  with  the  clothes  and  other  external 
objects  keeps  its  excretions  from  aeeumulating  on  the  skin 
to  any  very  great  extent.  But  apart  from  the  daty  of  per- 
sonal cleanliness  imposed  on  man  as  a  social  animal  in  daily 
intercourse  with  others,  the  mere  fact  that  the  healthy  Body 
can  manage  to  get  along  under  unfavorable  oonditiona  is  no 
reason  for  exposing  it  to  them.  A  clogged  skin  throws  more 
work  than  tlieir  fair  share  on  the  Inngs  and  kidneye,  and  t!ie 
evil  consoqtiencea  may  be  experienced  any  day  when  Bome- 
thing  else  ptit*i  another  extra  strain  on  them. 

Animals,  n  i  v.Tisiderable  portion  of  whose  skin  has  been 
varnished,  die  within  a  few  hoTirs,  This  used  to  be  thought 
due  to  pois^oniug  hy  retained  ingredients  of  the  sweat.  But 
the  main  cause  of  death  seems  to  be  an  excessive  radiation 
of  beat  from  tlie  surface  of  the  body,  dependent  mainly  on 
dilatation  of  the  cutaneous  vessels  caused  by  the  varnish, 
though  possibly  the  retention  of  some  poison ouft  snhstance 
usually  excreted  by  the  skin  may  have  an  influence.  The 
bodily  temperature  falls  in  consequence  of  the  great  loss  of 
heat  until  it  reaches  the  fatal  poitjt,  about  30^  0.  (B***  F.)  for 
rabbits.  If  the  animal  be  packed  in  raw  cotton  or  kept  in 
an  atmosphere  at-a  temperature  of  3fP  C.  {M/&?-  F.)  it  does  afli 
dte  as  a  consequence  of  the  varnishing,  or  at  least  not  nearly 
so  soon  as  it  would  otherwise  die. 

Bathing,  The  general  subject  of  bathing  may  be  consid- 
ered here.  One  object  of  it  is  that  above  mentioned — to 
cleanse  the  skin;  hut  it  is  also  useful  to  gtmrgtben  and  m- 
Tigorate  the  whole  frame.  For  strong  healthy  persons  a  cold 
bath  is  the  best,  except  in  extremely  severe  weather,  when  the 
temperature  of  the  water  should  be  raised  to  15"*  C  (about 
60"  F.),  at  which  it  still  feels  quite  cold  to  the  surface.  The 
first  effect  of  a  cold  hath  is  to  contr4ict  all  the  skin-yeeeels 
and  make  the  surface  pallid.  This  is  soon  followed  by  a 
■taction^  in  which  the  skin  becomes  red  and  congested,  and  a 
glow  of  warmth  is  felt  in  it.  The  proper  time  to  come  out  ia 
while  this  reaction  lasts,  and  after  emersion  it  shonld  be  pro- 
motcd  by  a  good  rub.  If  the  stay  in  the  cold  water  be  too 
prolonged  the  state  of  reaction  passes  off^  the  skin  becomes 
cold    and    pale    and    the  person   feels  chilly,  uncomforta- 
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ble,  and  depressed  all  day.  Then  bathing  is  injurious  instead 
of  beneficial;  it  lowers  instead  of  stimulating  the  activities 
of  the  Body.  How  long  a  stay  in  the  cold  water  may  be 
made  wiih  benefit  depends  greatly  on  the  individual :  a  vigor- 
ous man  can  bear  and  set  up  a  healthy  reaction  after  much 
longer  immersion  than  a  feeble  one;  moreover,  being  used  to 
cold  bathing  renders  a  longer  stay  safe,  and,  of  course,  tbe 
temperature  of  the  water  has  a  great  influence:  water  called 
"cold"  may  vary  within  very  wide  limits  of  temjyerature,  as 
indicated  by  the  thermometer;  and  the  colder  it  is  the  shorter 
is  the  time  which  it  is  wise  to  remain  in  it.  Persons  who  in 
the  comparatively  warm  water  of  Narragansett  during  the 
summer  months  stay  with  benefit  and  pleasure  in  the  sea, 
have  to  content  themselves  with  a  single  plunge  on  parts  of 
the  coast  where  the  water  is  colder.  The  nature  of  the  water 
has  some  influence;  the  salts  contained  in  sea- water  stimu^. 
late  the  skin-nerves  and  promote  the  afterglow.  Many  per- 
sons who  cannot  stand  a  simple  cold  fresh-water  bath  take 
one  with  benefit  when  some  salines  are  previously  dissolved 
in  the  water.  The  best  for  this  purpose  are  probably  those 
sold  in  the  shops  under  the  name  of  *' sea-salts." 

It  is  perfectly  safe  to  bathe  when  warm,  provided  the  skin 
is  not  perspiring  profusely,  the  notion  coninionly  prevalent  to 
the  contrary  notwitlhstanding.  On  the  other  hand,  no  one 
should  enter  a  cold  bath  when  feeling  chilly,  or  in  a  depressed 
vital  condition.  It  is  not  wise  to  take  a  bath  immediately 
after  a  meal,  since  the  afterglow  tends  to  draw  away  too 
much  blood  from  the  di^^fitttive  organs,  which  are  then  ac- 
tively at  work.  The  best  time  for  along  bath  is  about  three 
hours  after  breakfast;  but  for  an  ordinary  daily  dip,  lasting 
but  a  short  time,  there  is  no  better  period  than  on  rising  and 
while  still  warm  from  bed. 

The  shower-bath  abstracts  less  heat  from  the  skin  than  an 
ordinary  cold  bath  and,  at  the  same  time,  gives  it  a  greater 
stimulus:  hence  it  has  certain  advanta<::os. 

Persons  in  feeble  health  may  diminish  the  shock  to  the 
system  by  raising  the  temperature  of  the  water  they  bathe  in 
up  to  any  point  at  which  it  still  feels  cool  to  the  skin.  Bath- 
ing in  water  which  feels  hot  is  not-advisable:  it  tends  gen- 
erally to  diminish  the  vital  activity  of  the  Body.  Hence  warm 
baths  should  only  be  taken  occasionally  and  for  special  pur- 
poses, oilier  than  mere  luxury. 
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The  Problems  of  Animal  Nutntion.  We  have  in  pre- 
ceding cliiipteris  tnieed  certuin  iiia tibialis,  coDsistiiig  of  foods 
more  or  less  ehaTiged  by  digestion,  into  ilie  Hudy  from  the 
ulimentary  oiuial,  and  oxygen  into  it  from  tlie  lungs.  We 
haTe  also  detected  the  elements  thus  taken  into  the  Body  in 
their  passage  ont  of  it  again  by  lungs,  kidneys,  and  skin;  and 
fonnd  that  for  the  most  pjtrl  their  chemical  state  wai?*  differ- 
ent from  that  in  which  they  entered;  the  (iilTerenee  being 
expressible  in  genend  terms  by  saying  that  more  oxidized 
forms  of  matter  leave  IheBodytlian  go  into  it.  We  have  now 
to  consider  what  Jiappens  to  eaeh  food  during  the  jonrney 
through  the  Body:  h  it  changed  at  all  ?  k  it  oxidized  ?  if  so 
where?  what  products  does  its  oxidation  give  rise  to  ?  Is 
the  oxidation  direct  and  complete  at  once,  or  does  it  occur  in 
successive  steps?  Has  the  food  been  Ui^iud  tirst  to  uiake  part 
of  a  living  tissue  and  is  tliat  then  oxidized;  or  lias  it  been 
oxidized  without  forming  part  of  a  living  tissue?  if  so^ 
where?  in  the  blood  stream,  or  outside  of  it?  Finally,  if 
the  chenjiieal  changes  undergone  in  the  Body  are  such  as 
to  liberate  energy*  how  has  this  energy  been  utilized  ?  to 
maintain  the  temperature  of  the  Body  or  to  give  rise  to  raus- 
cuhir  work,  or  for  otlier  purposes  ?  Thifi  is  a  long  string  of 
questions,  the  answers  to  many  of  which  Physiology  has  still 
to  seek. 

The  Seat  of  the  Oxidations  of  the  Body,  Accordiug 
to  elder  views  oxidation  mainly  took  place  in  the  blood  while 
flowing  through  the  lungs.  Those  organs  were  considered  a 
sort  of  furnace  in  which  heat  was  liberated  by  blood  oxidation, 
and  then  distributed  by  the  circulation.  But  if  this  were  so 
the  lungs  ought  to  be  the  hottest  parts  of  the  Body,  and  the 
blood  leaving  them  by  the  pulmonary  veins  much  hotter  than 
that  brouglit  to  them  by  the  pulmonary  artery  after  it  had 
been  cooled  by  warming  all  the  tissues;  and  neither  of  thoBe 
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things  is  true.     A  small  amount  of  heat  is  liberated  when 
hsemoglobiii  combines  with  oxygen  in  the  pulmonary  capil- 
laries, but  the  affinitiei^i  thus  satisfied  are  m  feeble  that   the 
energ}'  liberated  is  trivial    in  amount  when  compared  with 
that  sot  free  when  this  oxygen  subsequently  forms  stabler  com* 
pounds   elsewhere.     There  is  good  reason   to   believe   th«t 
hardly  any  of  this  bitter  class  of  oxidations  occurs  in    the 
living  circulaiiijg  blood  at  all;  its  cells  do^  no  doubt,  use  up 
some   oxygen   and   set   free  some  carbon   dioxide;  but   uot 
enough  to  be  detected  by  ordinary  methods  of  analysis.     The 
percentage  of  oxygen  liberated  in  a  vacuum  by  two  specimens 
of  the  blood  of  an  animal,  taken  one  from  an  artery  near  the 
hearty  and  the  other  from  a  distant  one,  are  practically  the 
same;  showing  that  during  the  time  occupied  in  flowing  two 
or  three  feet  through  an  artery  the  blood  uses  up  no  appreci- 
able quantity  of  its  own  oxygen:  while  inJlta-iliaL-SSBli^^^^y 
transit  it  ali]M>  i  siuMumiIv  lo^.-s  >i^  \\\\w\\  '  xYggn^B  to  become 
venous.     The  diilcrencc  is   exphiined   by  the  fact  that  the 
blood  gives  oil  oxygen  gjua  through  the  thin  capillary  walls 
to  the  s u r r 0 u n d i  1  ig  ji ss u es ;  and   in  the   latter  the  oxidation 
takes  pl:ir+v      As  we  have  already  seen,  a  freshly  excised* 
muscTei'  I  1  I'd  of  blood  can  still  be  made  to  contract;  and  for 
some  coiiisiiltrable  time  if  it  l>e  the  muscle  of  a  cold-blooded 
animaL     During   its   eontrtiction    it   evolves   large   amounts 
of  carbon  dioxide,  although  the  resting  fresh  muscle  contains 
hardly  any  of  that  gas.      Here  we  have  direct  evidence   of 
oxidation  taking  place  in  a  living  tissue  and  in  connection 
^virJi  its  funetionul  activity;   and   what  is  true  of  a  muscle 
is  probably  true  of  all  tit=8ues:  the  oxidations  which  supply 
them  with  energy  take  place  within  the  living  cells  themselves. 
The  statement  frer|ueiitly  made  that  the  oxygen  in  the  cir- 
culating blood  exists  as  ozone,  rests  on  no  sutlficient  ba^is; 
decomposing  ha?moglobiu   does   ozonize  some  oxygen  when 
exposed  to  the  air,  but  there  is  no  ozone  in  fresh  blood.     Ex- 
periments made  by  adding  various  combustible  substances,  as 
sugar,  to  newly  drawn  Idood,  also  fail  to  prove  the  occurrence 
of  any  oxidation  of  sucli  bodies  in  that  liquid* 

Tissue-Building  and  Energy -Yielding  Foods.  The 
TTuman  Hf^dy,  like  that  of  other  animals,  is,  on  the  whole^ 
chemically  dt^structive;  it  takes  ilLMghly  comjdex  suhstjy^ces 
as  food,  and  eliuiiiiatiia  their  elefueuts  in  mucli  sinrpler 
compounds,  whicli  can  again  bo  built   uj)  to  their  original 


NUTRITION. 


453 


k 


condition  by  plants.  NeverthelesB  the  Body  has  certain  con- 
iahriiptiv^  pflwftrfi'  it,  at  least,  biiUiis  up  protooTasm  irom 
proteids  and  other  enbstanees  received  from  the  exterior; 
and  there  is  reason  to  believe  it  does  a  good  deal  more  of  the 
fiatne  kind  of  work,  though  never  an  amount  equalling  its 
chenncnl  destructions.  (Jiven  one  single  proteid'in  its  food, 
say  egg  j^biimen,  tlie  Budy  t^an  do  very  well;  making  serum 
albumen  and  paraglubulin  out  of  it  lor  the  blood,  myu^jinogen 
for  the  muscles, and  so  on:  in  such  cjises  the  original  proteid 
must  have  been  tiiken  more  or  less  to  pieces,  remodelled,  and 
built  up  again  by  the  living  tissues;  and  it  is  extremely 
doubtru!  if  anything  different  occurs  in  other  cases,  when 
the  proteid  eaten  happens  to  be  one  found  in  the  Body.  In 
fact,  during  digestion  the  proteids  arc  broken  down  some- 
what and  turned  into  peptones;  in  this  state  they  are  absorbed 
and  must  somewhere  a^ani  be  built  up  into  the  proteids  of 
the  tissues. 

The  constructive  powers  of  the  Body  used  to  be  rather 
too  much  ignored.  Foods  were  divided  into  assimihtble  and 
€Qmhusiihle^  the  former  serving  directly  to  renew  the  organs 
or  tissues  as  they  were  need  up,  or  to  supjily  materials  for 
growth;  these  were  mainly  [iroteids  and  fats;  no  special 
chemical  synthesis  was  thus  supposed  to  take  place,  the  living 
cells  being  nourished  by  the  reception  from  outside  of  mole- 
cules similar  to  those  they  had  lost.  Fat-cells,  it  was  8Ui>- 
posed,  grew  by  picking  up  fatty  molecules  like  their  contents, 
received  from  the  food;  and  a!l>ii men-rich  tissues  by  die  re- 
ception of  ready-made  proteid  molecules,  needing  no  further 
manu  facture  in  the  cell.  The  combustible  foods,  on  the  other 
hand,  were  the  carbohydrates  and  some  fat:  the  carbohy- 
drates, according  to  the  hypotbesis,  were  incapable  of  being 
made  into  parts  of  a  living  tissue,  and  w^ere  merely  oiidized 
in  order  to  maintain  the  bodily  warmth.  It  having  been 
proved,  however,  that  more  fat  might  accumulate  in  the  body 
of  an  animal  than  was  taken  in  its  food,  this  excess  was  ac- 
con!ited  for  by  supposing  it  was  due  to  excess  of  com- 
bustible foods,  converted  into  fats  and  stored  away  as  oil- 
droplets  in  yarious  cells;  but  not  actually  built  up  into  true 
living  adipose  tissue,  LiebJg,  somewhat  similarly,  classed  all 
foods  into  plasiu\  concerned  in  making  new  tissue,  and 
rwspiraiori/,  diiaacil^^-ojdjJizjed  before  they  ever  constituted 
part  of  a  tissue.     The  plastic  foods  were  the  proteids,  but 
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these  also  iiulirectly  gave  rise  to  the  energy  expended  \i\ 
tniisctihir  work,  iind  to  some  heat:  tbe  proteid  museulur  fibre 
being  broken  first  into  a  liigiily  nitrogenous  part  (urea,  or 
some  body  wull  on  the  road  to  beeonie  urea)  ami  a  non-nitro- 
geuizetl  richly  liydrocarbonoiis  part;  and  this  latter  was  then 
oxidized  and  gave  rise  to  heat.  Several  facte  may  be  urged 
against  this  view;  (1)  Men  in  tropical  climates  live  mainly 
on  n  on -proteid  food.s  yet  tiieir  ciiief  neeti.s  are  not  heat  pro- 
duction, but  tissue  formation  and  muscular  work:  according-, 
to  Liebig's  view  thuir  diet  should  b<3  mainly  nitrogenous, 
(2)  Carjiivorous  auinnds  live  on  a  diet  very  rich  in  proteids^ 
nevertheless  develop  plenty  of  animal  beat,  and  tiiat  without 
doing  the  excessive  musenhir  work  which,  on  Liebig's  theorj^ 
nuist  first  be  goi»e  through  in  order  to  break  up  tbe  proteids, 
with  the  production  of  a  non-azotized  part  which  could  then 
be  oxidized  for  heal -production.  (H)  (irent  muscular  work 
can  be  done  on  a  diet  poor  in  proteitls;  beasts  uf  burden  aro 
for  the  most  part  herhivorous.  (4)  Further,  we  know  exactly 
how  much  energy  can  be  liberated  by  the  oxidation  of  pro- 
teids  to  that  stage  which  occurs  in  the  liody;  and  it  is  pos- 
eible  to  ci^tiniate  with  considerahle  uecuracy  the  amount  of 
urea  and  uric  acid  excreted  in  a  given  time;  from  their  sum 
the  amount  of  proteid  oxidized  and  the  amount  of  energy 
liberated  in  that  oxidation  can  be  calculated;  if  this  be  done 
it  is  found  that,  nearly  always,  the  muscular  work  doue  dur- 
ing the  same  f«?riod  reprcBents  far  more  energy  expended 
than  could  he  yielded  by  the  proteida  broken  down. 

The  Source  of  the  Energy  Expended  in  Muscular  Work. 
This  important  ijueistion,  whieli  was  postponed  in  the  ebap- 
ters  dealing  with  the  physiology  of  the  muscular  tissues, 
needs  now  consideration.  It  may  *^  ■  |"^t  thus  :  Does^a 
mu££ie-fibrc   work  h^  the^j2,sidatioii  piujteids,  !>•  by 

breaking  tliem~clown  ^nto  compounds  which  are  then  re- 
moved from  it  and  conveyed  out  of  the  Body?  or  does  it 
work  bxJ.bc  energy  liberated  by. _tlie,iixidation  «*f  ''ntl>on  and 
Iml I'o l: r ] I  ml t s I M  n 1 1  uls  n n  1  y  ?  The  problem  may  be  al tacked 
in  two  w;iy-:  lii-r.  hy  rxuniining  the  excretions  of  a  man,  or 
other  aninnd,  during  work  and  rest;  second,  by  examining 
directly  the  chemical  changes  produced  in  a  muscle  when  it 
contracts.  Both  methods  point  to  the  same  eonclusion,  viz,, 
that  proteid  oxidation  is  not  the  source  of  tlie  mechanical 
euergjr^^xpeuded  by  the  Boay, 
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One  gram  (15.5  grains)  of  pure  albiimeii  when  completely 
burnt  liberates,  as  Iieiit,  an  amount  of  euergy  efjiia!  to  t»ll7 
kilogrammeters  (l5,*iT0  fool-poumj8).  But  in  the  Liodj  pro- 
leids  are  wot  fully  f»xidized  ;  part  of  their  carbon  is,  to  form 
carbon  dioxide,  and  part  of  the  hydrogen,  to  form  water; 
but  80 rue  earboti  and  hydrogen  pass  out»  combined  with  ni- 
trogen and  oxygen,  in  the  incompletely  oxidized  state  of  urea, 
Tiierefore  all  of  the  energy  theoretically  obtainable  is  not  de- 
rived from  proteida  in  the  Body:  from  the  above  full  amount 
for  each  gram  of  proteid  we  must  take  the  quantity  carried 
olf  in  the  urea,  which  will  be  tlie  amount  li berated  when  that 
urea  is  completely  oxidized.  Eacii  pam  (15.5  grains)  of 
rroteid  oxidized  in  the  Body  gives  j  of  a  gram  (5.14  grains) 
of  urea ;  since  one  gram  of  urea  liberates,  on  oxidation, 
energy  amounting  to  fv;i4  kilogranm^eters  (G74t»  foot-pounds), 
each  gram  of  proteid  oxidized,  so  far  as  is  possible  In  the 
Body,  will  yield  during  the  process  2117  —  J|*  =  18U5,T  kilo- 
grammeters  (13,037  foot-pounds)  of  energy*  Knowiuif  iliat 
urea  carries  off  practically  all  tlie  nitrogen  of  proteids  Irroken 
uj*  in  tlie  Body,  and  contains  AWXt  per  cent  of  ujtrogen,  while 
j)roteids  contain  16  per  cent,  it  is  eiisy  to  find  that  each  gram 
ofurca  represents  the  decomposition  of  about  L\^<l)  gfiSliFof 
proteTcl  and,  therefore,  the  liberatifui  of  50^)0. Ot>  kilogram- 
meters  (3tL5^i3AJ  foot-pounds)  7>nenergy.  If,  therefore,  we 
know  how  uuich  urea  a  man  excretes  during  a  given  time, 
and  how  much  mechanical  work  he  does  during  the  same 
time,  we  can  readily  discover  if  the  latter  could  possibly  have 
been  done  by  the  energy  set  free  bj  proteid  decomposition. 
Let  us  take  a  special  case.  Fick  and  Wisleccntis,  two  fier- 
man  obeervers,  climbed  the  Faulhorn  numutain,  which  is 
1050  meters  (about  6415  feet)  ^higli.  Pick  weighed  liG  kilo^ 
grams  and,  therefore,  in  lifting  his  Body  alone,  did  during 
the  ascent  129,096  kilogrammeters  (933,073  foot-pounds)  of 
work.  Wislecenus,  who  weighed  76  kilograms,  did  similarly 
148,G56  kilogrammeters  (l,073/2r»tJ  foot-pounds)  of  work. 
But  during  the  ascent,  and  for  five  honrs  afterwards,  Fick 
secreted  urine  containing  urea  answering  only  to  37,17  grams 
ol  proteid,  and  Wislecenus  urea  answering  to  37  grams* 
Since  each  gram  of  proteid  broken  up  in  the  Body  liberates 
1805.7  kilogrammeters  (13,037  foot-pounds)  of  energy,  the 
amount  that  Fick  could  possibly  Imve  obtained  from  such  a 
source   is   1806,7x37.17  =  67,117  kilogrammeters  (484,584 
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foot-pounds),  and    Wisleconus    1805.7  X  37  =:  66,810   kilo- 
grammeters.     If  to  the  muscular  work  done  in  actually  rais- 
ing their  bodies,  we  add  that  done  simultaneously  by  the 
heart  and  the  respiratory  muscles,  and  in  Kuch  movements 
of  the  limbs  as  were  not  actually  concerned  in  lifting  the 
weight,  we  should  have,  at  least,  to  double  the  above  total 
muscular  work  done  ;  and  the  ^{noiij]LLjQ£''Auargy'Ubenited 
meanwhile  by  proteid  pxidation,  becomes  utterly  inadequate 
for  its  execution.     It  is  thus  clear  that  muscular  work  is  not 
wholly  done  at  the  expense  of  the  oxidation  of  muscle  pro- 
teid; and  it  is  very  probable  that  none  is  so  done  under  ordi- 
nary circumstances,  for  the   urea  excretion  during  rest  is 
"^\U  ftft  ^t'^^  ftg  ^hf^\  duriu^vork,  if_thejliet  remain  the 
same :  if  the  work  be  very  severe,  as  in  long-distance  walking- 
matches,  the  urea  quantity  is  sometimes  temporarily  raised, 
but  this  increase,  which  no  doubt  represents  an  abnormal 
wear  and  tear  of  muscle-fibre,  is  probably  independent  of  the 
liberation  of  energy  in  the  form  in  which  a  muscle  can  use  it, 
more  likely  taking  the  form  of  heat ;  and  is,  moreover,  com- 
pensated  for  afterwards  by  a  diminished    urea   excretion. 
Thus,  hourly,  before  the  ascent  Fick  and  Wislecenus  each 
excreted  on  the  average  about  4  grams  (62  grains)  of  urea  ; 
during  the  ascent  between  7  and  8  grams   (108-124  grains); 
but  (luring  the  subsequent  16  hours,  when  any  urea  formed 
in  the  work  would  certainly  have  reached  the  urine,  only  an 
average  of  about  'i  grams  (46.5  grains)  j)er  liour. 

It  may  still  be  objected,  however,  tliat  a  good  deal  of  the 
muscle  work  may  be  done  by  the  energy  of  oxidized  muscle 
proteid:  that  tlie  amount  of  this  oxidation  occurring  in  a 
muscle  during  rest  or  ordinary  work  is  pretty  constant  and 
simply  takes  different  forms  in  the  two  cases,  much  as  a 
steam-engine  with  its  furnace  in  full  blast  will  burn  as  much 
coal  when  resting  as  when  working,  but  in  the  former  case 
lose  all  the  generated  energy  in  the  form  of  h<*at,  and  in  the 
latter  jmrtly  as  mechanical  work.  Thus  tiie  small ness  of  in- 
crease in  urea  excretion  Jis  a  consequence  of  muscular  activity 
could  be  explaintMl,  while  still  a  good  deal  of  utilizahle  energy 
might  come  from  proteid  degradation.  But  if  this  were  so, 
then  the  working  Body  should  eliminate  no  more  carbon 
dioxide  than  the  resting;  the  amount  of  chemical  changes  in 
its  muscles  being  by  hypothesis  the  same,  the  carbon  dioxide 
eliminated  should  not  be  increased.     Experiment,  however. 
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Bhows  that  it  is,  and  that  to  a  very  large  extent,  even  when 
the  work  done  is  qoite  moderate  and  fulls  within  tlie  limits 
which  could  be  performed  bj  the  normul  proteid  degrudution 
of  the  Body,  Quite  easy  muscular  work  doubles  the  carbon 
dioxide  excreted  in  twenty-four  hours,  and  in  u  short  period 
of  very  hard  work  it  in  ay  rise  to  live  times  the  auioitnt  elimi- 
nated during  rest.  Since  the  urea  h  not  Jugreased,  or  hut 
slightly  increased,  tit  Xhv  same  tune,  this  carbon  djoxide  can- 
notjifi  due  to  inerea^til  ]H(»t<  iii  metaniorphoisis;  and  it  there- 
fore iudiuttia^  that  u  niuiijic  wurks  by  the  ajtiU^^atk  oi  car- 
bonaceous uon-JiitrogenuLu  ioni pounds.  Since  all  the  carbon 
compounds  oxidized  In  the  Body  contain  hydrogen  this 
elerueiiL  is  also  no  doubt  oxidized  during  muscular  work;  but 
the  estimation  of  the  amount  so  used  is  difficult  and  has 
not  been  satisfactorily  made,  because  the  Body  contains  so 
much  water  ready  formed  that  a  large  quantity  is  alw^ays 
ready  for  increased  evaporation  from  the  lungs  and  skin, 
whenever  tlie  respirations  are  fpiickened,  as  they  are  by 
exercise.  It,  thus,  is  very  difficult  to  say  how  much  of  the 
extra  water  eliminated  from  the  Body  during  work  is  due 
merely  to  this  cause  and  how  much  to  increased  hydrogen 
oxidation. 

The  conclusion  we  are  led  to  is,  then,  that  a  muscle 
works  by  the  oxidation  mainly,  if  not  entirely,  of  carbon  and 
hydrogen;  and  that  tlie  proteid  constituents  of  the  living 
muscle  substance  are  essentially  the  machinery  determining 
in  what  way  the  energy  shall  be  spent;  they  may  and  do 
suiter  some  wear  and  tear,  but  this  bears  no  direct  proportion 
to  the  work  done;  as  a  steam-engine  may  rust,  so  muscle 
proteid  may  and  does  oxidize,  but  not  to  supply  the  organ 
with  energy  for  use.  This  conclusion,  arrived  at  by  a  study 
of  the  excretions  of  the  whole  Body,  is  confirmed  by  the  re- 
sults obtained  by  the  chemical  study  of  a  single  muscle. 
A  fresh  frogs  muscle  (which  agrees  in  all  essential  points 
with  a  man's)  contains  practically  no  carbon  dioxide,  yet 
made  to  w^ork  in  a  vacuum  gives  off  that  gas,  and  more  the 
more  it  works.  Some  carbon  dioxide  is  therefore  formed  in 
the  working  muscle.  If  the  muscle,  after  contracting  as  long 
as  it  can  be  mtwle  to  do  so,  be  thrown  into  deatii  rigor  it 
gives  off  more  carbon  dioxide;  and  if  taken  perfectly  fresh 
and  sent  into  ritfor  mortis  w^ithout  contracting,  it  gives  off 
carbon  dioxide  also,  in  amount  equal  to  the  sum  of  that 
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whiuh  it  would  have  given  off  in  two  stages,  if  first  worked 

iimi  then  sent  iuto  rigor.  The  muscle  must,  therefore,  cx>ii- 
tain  a  certain  store  of  a  ca^-bQii*i3it>x:i||f>^jifl]Ai^'|ij^  bod}%  and 
the  decomi)ositioa  of  thia  is  ii^eoeiatetl  with  the  occurrence 
both  of  mugeular  activity  and  t]vir\  Toning,  Similar 
things  are  tnie  of  the  ac-id  sinnilt;-  ifeveloped;    the 

muscle  when  it  worka  prodiu-es  gome  r^n'^^H^ti'^  i\W\  *^"d 
when  thrown  into  rigor  mortis  still  more,  So  increase  of 
urea  or  kreatin  or  any  similar  product  of  nitrogenous  de- 
composition is  found  in  a  worked  muscle  when  compiireil 
with  a  rested  oik\  hut  the  total  carbohydrates  are  rather  less 
in  the  former.  These  facta  make  it  clear  that  muscular  work 
is  not  done  at  the  expense  of  proteid  oxidation;  and  we  have 
already  seen  H'hjip.  XXVI)  that  tlie  oxygen  q  ir^'^^H"  <^f*"*  in 
oiU^yj-fli^iiyif  hy  it  at  the  tiiue  itoaiised,  since 

a  muscle  coi.....;..^„  :.  .^,-111  will  still  contract  in  a  YItfiftgf" 
and  form  carbon  dioxide.  It  is  probable  that  the  chemioal 
phenomena  occur  ring  in  contraction  and  rigor  are  essenttallj 
the  same;  tlic  death  stilTetiirjg  results  when  they  occur  to  an 
extreme  degree.  Provisionally  one  may  explain  the  facts  as 
follows:  A  muscle  in  the  Borly  takes  np  from  the  blood, 
oxygen,  proteius,  arid  non-nitroi;ennns  (carbohytlrate  or  fatty) 
substances.  Tiiese  it  buihls  np  into  a  highly  complex  and 
very  unstable  comiwunrl,  comparable,  for  example,  to  nitro- 
glycerine. When  the  muscle  is  stimulated  tins  falls  down 
into  simpler  i>ttb«tani^es  in  which  stronger  affinities  are  satis- 
fied; among  tliese  are  carbon  dioxide  and  tiarcobictic  acid  and 
a  proteid  (myosinogen).  The  energy  liberated  is  thus  in- 
dependent of  any  simnltaneons  taking  up  of  oxygen;  the 
amount  possible  depends  only  on  Iniw  much  of  the  decom- 
posable body  exii^ted  in  the  muscle.  Under  natural  condi- 
tions the  carbon  ilioxiile  is  carried  off  in  the  blood  and  per- 
haps the  sarcolactic  acid  also,  the  latter  to  be  elsewhere 
oxidized  further  to  form  water  ami  more  carbon  dioxide. 
The  njjniJTKif^'^'  rfnivill^  iti  the  muscle-fibre  and  is  combined 
with  more  oxygen, and  with  com))ound8  of  carbon  and  hydrogen 
taken  from  the  blood,  am]  built  i]p  into  the  unstable  ({"f^f^T^f*- 
yielding  body  aytiin:  no  increased  rjnantity  of  nitrogenous 
materiab  under  ordinary  circumstances,  leaves  the  working 
muscle.  If,  however,  the  blotHKnupplv  be  dc^ticient,  myosin 
forms  from  myosinogen  and  clolg^Chap.  iX)  before  thia 
restitution  takes  place,  and    cannot  be  dj^re^tly  rebuilt  into 
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living  muscle  niateml;  in  excei?sive  work  the  game  thing 
partially  occurs,  decoiii position  occurring  fiister  than  reconi- 
position;  clattud  myuslii  is  then  broken  up  into  simpler- 
bodies  as  krealftu,  and  tiiese  are  somewhere  turned  into  gjsiMi  'Av  L- 
an<l  exc retell  /in  r/yor  mortis  all  the  myosinogen  passes  into 
olotteti  myosin  and  causes  the  rigidity.  A  working  muscle 
takes  up  more  oxygen  from  the  blood  than  a  resting  one,  as 
is  shown  by  a  coin  par i.son  of  the  gages  of  the  venous  blood 
of  the  two;  this  oxygen  assumption  is  not  necessarily  pro- 
portionate to  the  carbon- dioxide  el  inanition  at  the  same 
time;  for  the  latter  depends  on  the  breaking  down  of  a 
materia!  already  accumulated  'u\  the  muscle  during  rest,  and 
this  breaking  down  may  occur  faster  than  the  reconstruction. 
We  are  thus  enabled,  also,  to  nruierstand  how,  dm  ing  exercise, 
the  jattk2P.-*U*^^^^^^  evolved  from  the  lungs  may  contain  more 
oxygen  than  that  taken  up  at  the  same  time:  fnr  it  i:^  largely 
oxygen  previously  stored  during  rest  which  then  appears  in 
the  carbon  dioxide  of  the  expired  air.  The  Ic^fijUin  which 
can  alwa^^Jjc  found  even  in  mu.^i  h-s  sinldenly  killed  after 
long  rest,  represents  the  breaking  dowji  of  pr^>teid  in  the 
chemical  proceRses  of  the  living  fibres,  in  their  vital  n^eta- 
bolisms,  which  are  not  necessarily  similar  to  the  special 
eiiemical  changes  associated  with  a  contraction. 

Are  any  Foods  Respiratory  in  Liebig'a  Sease  of  the/v^  l  £/J^ 
Term?     We  find,  then,  that  Liebig's  classification  of  foods  | 

cannot  be  accepted  in  an  alxsolute  sense.  There  is  no  donbt 
that  tlie  substance  broken  clown  in  muecular  contraction  is 
proper  living  muscular  tissue;  and  if  this  (its  proteid  con- 
stituent being  retainetl)  be  reconstructed  from  foods  con- 
taining no  nitrogen  {whether  carhobyd rates  or  fats)  then 
the  term  pldslic  or  tissue^orming  cannot  be  restricted  to  the 
proteids  of  the  diet.  We  must  nither  conclude  that  any 
alimentary  principle  ccintaining  carbon  nniy  be  used  to  re- 
place the  oxidized  carbon,  and  any  containiug  hydrogen  to 
rephice  the  oxidized  liydrogen,  of  a  tissue;  and  so  even  non- 
proteid  foods  may  he  plastic.  A  certain  propj^jtion  of  the 
foods  dipstcd  may  perhaps  be^oxidized  to  yield  energy, 
before  they^ever  fprnn  paH'  ^^  **  tjmiuc:  and  so  correspond 
pretty  much  to  Liobig's  ruiiuiftti'iiy  foods;  hut  no  hard  and 
fast  line  can  be  drawn,  making  all  proteid  foods  plastic  and 
all  oxidizahle  non-proteid  foods  respiratory. 
/ ,   Iiuxus  Consumption,     Not  ynly,  a^  above  pointed  out, 
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may  non-nitrogenous  foods  be  plastic  but,  on  the  other  baud, 
it  is  certain  that  if  any  foods  are  oxidized  at  once  before 
being    organized    into  a  tissue,  proteids  are  under   certain 
circumstances;  namely,  when  they  are  contained  in  excess  in 
a  diet      If  an  animal  be  starved  it  is  found  that  its  non- 
nitrogenous  tissues  go  first;  an  insufficiently  fed  animal  loses 
its  fat  first,  and  if  it  ultimately  dies  of  starvation  is  found  to 
have  lost  97  per  cent  of  its  adipose  tissue  and  only  about  30 
per  cent  of  its  proteid-rich  muscular  tissue,  and  almost  none 
of  its  brain  and  spinal  cord;  all  of  course  reckoned  by  their 
dry  weight.     It  is  thus  clear  that  the  proteids  of  the  tissues 
resist   oxidation  much  better  than  fat   does.      But,  on  the 
other  hand,  if  a  welliled.auin[ial  be  given  a  vejxJip'*  proteid 
diet  all^the  nitrogen  of  its  food  reappears  in  its  unnSr/Tind 
that  when  it  Ts laying  up  fat;  so  that  then  we  get  a  state  of 
things  in  which  proteids   are  broken  up  more  easily  than 
fats.     This    indicates   that  pr^^teid  in  the  Body  may  exist 
under  two  conditions  ;  qj^when  it  forms  part  of  a  living 
tissue  and  is  protected  to  a   great   extent   from   oxidatTnn" 
and  another,  in  which  it  is  oxidized  with  rejt^4.iness  and  is 
presumably  in  a  dififerent  condition  from  the  first,  being  j^t 
yel.hiii.lt  up  into  part  of  a  living  cell.     The  use  of  proteids 
for  direct  oxidation   is  known  as  luxus  consumption  :   how 
far  it  occurs  under  ordinary  circumstances  will  be  considered 
presently.     Tlie  main  point  now  to  be  borne  in  mind  is  that 
while   all    organic  non-nitrogenous   foods    cannot    be  called 
respirafof'f/,  neither  can  proteids  under  all  circumstances  be 
called />/^M//r,  in  Liebig's  sense.  ^  '  ^--^  --*    t,   ^    ^^^    .       ^ 

The  Antecedents  of  Urea.      In    tlie   long-run   the   pro- 
genitors of  the  urea  excreted  from  the  Body  are  the  proteids  - 
taken  in  the  food;  but  it  remains  still  to  be  considered  what  ^ 
intermediate  steps  these  take  before  the  excretion  of  their 
nitrogen  in  the  urine. 

In  seeking  antecedents  of  urea  one  naturally  turns  first 
to  the  muscles,  which  form  by  far  the  largest  mass  of  pro- 
teid tissues  in  the  Body.  Analysis  shows  that  they  always 
yield  kreatin,the  quantity  of  this  in  muscles  bein£:  practically 
unaffected  by  work,  and  from  0:1  to  0.:^  per  (.'ent  of  the  dry 
weight  of  the  muscle.  Since  it  is  readily  soluble  and  dialyz- 
able,  and  therefore  fitted  to  pass  rapidly  out  of  the  muscles 
into  the  blood  stream,  it  is  a  fair  conclusion  that  a  good  deal 
of  it  is  formed  in  the  muscles  dailv  and  carried  off  from  them. 
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KrgatUJ*  to€,  exists  \n  the  brain,  and  probably  there  and  else- 
where ill  the  nervous  system  m  produced  by  clieniieal  degra- 
dation of  protoplusni;  the  spleen  also  contains  a  good  deal 
of  kreatin,  and  so  do  many  glands.  Uliis  substance  would 
therefore  seem  to  be  eonstantly  produced  in  considerable 
f|UHntities  by  the  protophisinic  tissifes  generally;  and  since 
it  belongs  to  a  group  ot  niirogenoiig  compounds  which  the 
Body  is  unable  to  utilize  for  recon si  ruction  into  proteids,  it 
must  be  carried  off  gornehow.  The  nrine^  finvi-evi'r,  nQirLii,tna 
11  g  [j|'f>jLtin  iiiid  but  little  of  its  immcdiute  derivative,  krea- 
tin in.  and  what  k  real  in  in  it  does  contain  depends  mainly  on 
the  feeding,  since  its  amount  varies  with  the  diet  and  it 
disappears  during  stjirvation.  Kreatin  can  readily  be  cjiem- 
ically  broken  up  with  1  iv tj^r a t i oHw v i t4 d i n g  nrea  and  sarkosin; 
and  sarkosin  in  turn  can  be  d^'onj posed  so  as  to  yield  Its 
nitrogen  in  I  he  form  of  nrea.  Hence  there  are  no  great 
eheTuical  difficulties  in  regarding  kreatin  as  the  main  im- 
nu»<Jiatc  soun'c  of  the  nrea  of  normal  urine,  There  are  sortie 
reiisons  for  I h inking  that  kreatin  is  not  the  form  of  tbe 
actual  nitrogen  wa^^te  in  living  muscle  but  a  post-mortem 
product  from  that  wiiste;  hut  that  is  not  of  impurtaru^e  in 
the  present  connection.  Whatever  tbe  original  form  of  tbe- 
Wiiste  substance  be,  if  it  bo  not  krcatju  it  is  certainly  verj 
easily  converted  into  it  Tlie  formation  of  the  final  product^ 
urea,  does  not  occur  in  the  muscles.  They  never  con  tarn 
urea;  and  very  little  of  it,  if  any,  can  be  extracted  from  the- 
brain» 

Where  the  kreatin  is  finally  changed  into  urea  is  doubt- 
ful. We  have  seen  (Chap.  XXVIII)  tfiat  it  is  not  formed  m 
the  kidneys  but  ujcrely  separated  hy  liiem  from  the  blood* 
A  good  deal  of  urea  is  found  in  the  liver,  which  suggests  somej^. 
part  played  by  tliat  organ  in  nrea  formation.  Further,  in; 
certain  cases  of  hepatic  diseiise  (acute  veHow  atropbv)  in 
which  the  liver  cells  are  profouTHlly  changed,  the  urt*^|_of  the 
urine  is  greatjly  diminished  and  a  unite  different  substance, 
and  this  favors  the  view  that  the  liver 


has  mneh  to  do  with  the  final  elaboration  of  urea.  It  may 
also  be  note*!  in  this  couneetiotv  that, quite  apart  from  kreatin 
as  a  source  of  urea,  there  may  be  anotljer  in  h-neirj,  for  lencin 
is  very  widely  distributed  through  the  Body,  and  when  proteids 
are  decomposed  by  various  chemical  methods  lencin  is  very 
constant  among  the  products.    It  is  therefore  a  possible  form 
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for  the  primary  nitrogen  waste  of  many  iksaes.     Cheniicai^pl 
l^cin  is  an  ammonium  derivative,  being  the  amide  of  caprojc 
(a  fatty)  aeicL 

from  further  changes   in   the 
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abundant  proteid  food  ii>  taken  the  urea  excreliun  is  lartrelv 
incTeased  and  that  very  rapidly,  within  a  couple  of  hour^  for 
exunndo,  and  before  we  ean  well  supjiose  the  proteids  eateD 
to  have  heen  built  up  into  tissues,  and  these  in  turn  broken 
down;  in  fact  there  neeil  be,  and  usually  is,  under  such  cir- 
cumstanees  no  si^i  uf  any  .^peeial  activity  of  any  group  of 
tissues,  *8uch  as  one  would  expect  to  see  if  the  urea  alwaya 
came  from  the  breaking  down  of  formed  histological  ele^ 
tnents.  This  urea  h  \\m^  indicative  of  a  utilization  of  pro- 
teids  for  other  than  pliustir  purposes;  and  the  same  fact  is 
indicated  by  the  storage  of  carbon  and  elimination  of  all 
the  nitrogen  of  the  food  when  ii  diet  very  rich  in  proteid 
alimentary  principles  is  t^keu.  This  luxiijt  count mpfum  may 
l»e  cnni pared  to  the  paying  out  of  gold  by  a  nierclnint  instead 
of  greenbacks  when  he  has  an  abundance  of  both.  Only  the 
gold  can  he  used  for  certain  purposes,  as  settling  foreign 
debts,  hut  any  quantity  al>ove  that  needed  for  such  a  purp 
is  harder  to  sfnrc  than  the  paper  money,  and  not  so  con- 
venient to  bundle;  so  it  is  paid  out  in  preference  to  the 
pajier  moneys  which  is  really  somewhat  less  valuable,  ivs 
available  at  par  only  for  the  settlement  of  domestic  debte* 
ISinnlarly,  only  proteids  can  be  ut^ed  for  certain  final  stages  of 
tissue  Imildiukr,  but  an  excess  of  them  is  more  difficult  to 
gttjre  than  fats  or  carbohydrates,  and  so  is  eliminated  in  pref- 
erence to  theri^ 

In  artificial  nancreatic  digestions,  when  long  carried  on, 
two  Iwdies,  called  leucin  aTid  tyrosin,  are  produced_&:oni 
prQ^i^-iila.  It  is  found  that  w ben  leucin  is  given  to  an  ani- 
mal  in  its  food,  it  reappears  in  the  urine  as  urea;  bo  the  Body 
can  turn  leucin  into  that  substance.  Hence  a  possible  source 
of  some  of  the  hixv^'Conitumpthn  urea  is  leucin  produced  dur- 
ing intestinal  digestion;  and  this  is  very  likely  turned  into 
urea  in  the  liver     Mammalia  rapidly  die  when    the  liver  ig 
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removed,  but  fionie  birds  but  vivo  for  u  time*     In  tliem  it  Ims 
been  fotind  that  tlie  uric  acid  (which  in  aviun  urine  lias  tiiej 
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nuance 
iliniinisheii  after  extir|mtion  of  the  liver;  una  also  that  Jenciu' 
wliicli  when  given  to  the  normal  bird  reappears  in  tlie  urine 
as  uric  acid,  in  the  bird  from  which  the  liver  hjitj  been  removed 
is  excreted  unaltered. 

Circulating  and  Fixed  Froteid.  When  an  animal  i& 
fed  on  food  deficient  in  proteids,  or  containing  none  of  them 
at  all,  its  nrea  excretion  falls  very  rapidly  dnring  the  first  day 
fir  two,  but  then  much  more  slowly  until  deatli:  tberi:*  is  thug 
indicated  a  duiible  source  of  urea, apart  resulting  from  tissue 
wciir  nTid  tear>  and  al^flVs  i>resent;  and  a  part  reHultinj;^  frora 
the  V*v*aiLLiti|r  ijn^yii  ^f  |.^..t..;j.  not  bnilt  up  into  tissue,  and 
cea^ini,^  when  tlie  amount  of  this  proteid  in  the  Body  {in  the 
jdood  for  example)  iaUs  livhtw  a  certain  limit  as  a  result  of 
tlie  stji£X*tio*i«  ^^^  ^^1®  nitrogeu-atarved  Body  wastes,  it€ 
litilk  of  proteid  tissues  is  slowly  reduced  and  the  urea  result- 
ing from  I  heir  degradation  diminishes  also.  How  well  pro- 
teid built  up  into  a  tisane  resists  removrd  is  shown  by  the 
lacts  already  raentioned  as  to  the  relative  losses  of  the  pro- 
teid-rioh  and  proteid-po€>r  tissues  during  starvatitm. 

On  thr  otljcr  hatul,  if  an  animal  l>e  taken  while  starving 
ami  losing  weight  and  have  a  surall  afuouut  of  flesh  given  it, 
it  will  continue  to  lose  weight,  and  more  urea  than  before 
will  appeiir  in  the  urine;  increased  proteid  diet  increases  the 
{jroteid  metamorphosis,  and  the  animrii  stiB  loses,  though 
less  rapidly  than  it  did.  A  lillle  more  proteid  still  increases 
proteid  metamorphosis  in  its  body  and  its  urea  elimimition, 
and  so  on  for  mme  time;  but  each  increment  of  proteid  in 
the  food  incrciises  the  nitrogenous  metamorphosis  in  prrqior- 
tion  to  itself  somewhat  less  tJuiU  the  preceding  one  did,  until, 
finally,  a  point  is  reached  at  which  the  iiitry^tjii-#iif«*#ta  and 
ing^gt^^lMlkuuee:  in  a  dog  this  occurs  when  the  animal  gets 
daily  A  its  weigh^  ^'^  j^^.tT^.i^^nt  fjirmff  nrUii  ifi^  necessary 
watgr.  More  Hesli  if  tlien  given  is  at  first  st^ired  up  and  the 
animal  irn-reases  in  weight;  but  very  soon  the  greater  wear 
and  tear  of  tht^  larger  mass  of  tissues  shows  itself  as  increased 
ure^  excretion,  and  again  the  egesta  and  iugesta  balance,  and 
the  animal  corrjes  to  a  new  weight  ecpiilibrium  at  the  higher 
level.  More  meat  now^  causes  a  repetition  of  the  phenomenon: 
at  first  increase  t>f  tissue,  and  nitrogen  storage;  and  Uien  a 
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cesfiatiou  of  the  gain  in  weight,  und  an  excretion  in  twenty* 
four  houn?  of  all  the  nitrogen  takfill>_  And  so  on,  antil  th# 


lul  refuses 


larger 


qtiantity. 

These  faints  seem,  very  clearly,  to  show  that  |)roteidsj^iii- 
not  be   built   u|>  qnieklv  into    tjggiieg.     Me^U  ^cu_^^y    the 
starring  animal  has  it*  prutj^s,  at  jlj^t  nst^  up  mainly  in 
hixu^ l^jJL^H liipt io n — while  a  little  is  stored  as  tissiie.  though 
at  tirst  not  rnough  to  eotuUerbalanee  the  daily  tissue  ura^ie. 
When  a  good  deal  more  proteid  is  given  than  an^^vrers  to  the 
nitrogen  eieretion  during  starvation,  the  animal  builds   uf» 
as  much  itito  living  tissue    ivs^  it  breaks  down  in  the   vital 
processes  r»f  these,  the  rest  going  in  luxut  coti»iimpfion  ;    it 
thus  neitlier  gains  nor  loses.     Htill  more  proteid  if  now  given 
does  not  all  appear  iu  the  urine  at  oner;  some  is  used   to 
build  up  new  tissue,  but  only  slowly;   then,  after  some  days* 
the   inereaseti  metabolism   of   the   inrreiised  niii^s   of   living 
tissues  balances  the  excess  of  nitrogen  in  the  diet,  and  equi- 
librium is  again  attained.     But.  all  through,  it  seems  clear 
that  the  tissue  formaLion  is^slow.nnil  gradual ;   and  so  it   lie- 
comes  additiotmlly  probable  that  the  Jufro^isety  '^^n^^i  ^yj^^^^y*^'^*^ 
ito<iii^tt([^r  A  meal  is  not  due  to  rapidly  increased  tissue 
tion  and  degi^Jation»  but  lo  a  i 
The  more  staTTT?   proteid,  that  which  breaks  down  slowly  \n 
starvation  and  is  iH?built  ^lowly  when  ftKnl  is  given,  has  lieen 
distinguished  as  iixtd  or  (ii^sur  albumen  from  the  less  stable 
pnrtifin,  which  fmm  the  belief  that  it  mainly  exists  in  tho 
]if|nids  of   the    Botly   has  been    named  circulaiiE 
Fi^ediug   exijeriments  further  show  the  important  fact  that 
the    gelatinous  or  albuminoid    fr^Hls   cannot   be    converted 
into    fixed    proteid;    for    its  formation    true  albumens  are 
required.     The  tissues  of  an  animal  deprived  of  all  proteid 
food-stuffs  waste,  no  matter  how  much  albuminoids  be  given  : 
but  given  some  of  the  latter  the  Body  can  huild  tissues  and 
maintain  their  integrity  with  less  true  proteW  than  would 
otherwise  be  necessary,  so  the  gelatin -yeli^ing  ftMida  are  by 
no  means  with*  ut  nutritive  value,  £U\/  p^vtl^^/'l^^'^^*'!-*' 

The  Storage  Tiasuea,  Every  healtlly  cell  of  Uie  Body 
contains  at  any  moment  some  little  exceoa  of  material  laid 
by  in  itself*  above  what  is  required  for  its  immediate  neces- 
sities* The  capacity  of  t^ntnicting*  and  the  concomitant' 
evolution  of  carbon  dioxide,  exhibited  by  an  excised  muscle 
in  a  vacuum,  seem  to  show   that   ^ron   oxygen*  of   which 
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warm-blooded  aninuds  huvo  but  u  siuall  pooorve,  may  "be 
stored  up  in  tbe  liviug  tissues  in  such  forms  that  tliby  run 
utilize  it,  even  when  the  air-ptimp  fuils  to  extract  any  from 
them.  But  in  addition  to  the  supplies  for  immediate  spend- 
ing, cantained  in  all  the  cells,  we  find  special  food  reserves 
in  the  Ikuly,  on  wliieh  any  of  the  tTsslieg  Tan  "call  at  need. 
These,  esjiecisdly  the  oxygen  and  prott^id  reserves,  are  fou ml 
for  nwiai  jwax  iii  Ui#  liloijiL^  Special  oxygen  storage  is,  however, 
rendered  nnnecessary  by  the  fact  that  the  Body  e-an,  exeept 
nmler  very  unusual  circumstances,  get  more  from  the  air  at 
any  time,  go  tlie  fprnntity  of  this  substance  laid  by  is  only 
small ;  hence  death  from  iisphyxia  follows  \ii^tj  rapiilly  when 
the  air-passages  are  stopped;  while,  on  account  of  the  re- 
jjserves  laid  up,  deatli  from  otiufr  f»irms  of  etarvation  is  a 
much  slower  occurrence.  Proteids,  alf^o,  we  Imve  learnt  from 
the  study  of  muscle,  are  probably  but  little  ^ifUp^ftLod  jn 
^Ilfirr'F^^^W^I'TB  '"  ^^^^  tifi^iies-  8peukiiig  broadly,  the 
work  of  the  Body  is  carried  on  by  the  tfSJ'^tHi^a.o/  ^•>ri,Mii 
ami  hjjiiQggu,  and  we  find  in  the  Body,  in  correspondeTice 
with  this  fact,  iwy  ^griQ|t  storehouses  of  fatty  and  carbo- 
hydrate foods,  which  serve  to  supply  tlie  materials  for  the 
perlormanee  of  work  and  the  nuiintenanee  of  the  bodily 
tenijseratnre  in  the  intervals  between  meals,  and  during 
hniger  fjcriods  of  starvation.  One  such  store,  that  of  -car^ 
bql i vd r a t e  jm nte r i al ,  is  found  in  the  JJ^m^uUs;  the  other, 
or  Q^y^^j^i^rve,  ia  laid  by  in  the  adij»ose~  tissue  and  to  a  cer- 
tain extent  in  oil  droplets  found  in  other  cells,  and  sometimes 
in  blood  and  lymph.  That  such  substances  are  true  reserves, 
not  for  any  special  local  pnrjjose  but  for  the  use  of  the  Body 
gerrerally,  is  shown  by  the  way  they  tlisappjw^f  \j\  fl{flpyttinn; 
tin'  liver  reserve  in  a  few  tiays,  aud  tlie  fat  somewhat  later 
and  more  slowly,  hut  very  largely  before  any  of  the  other 
tissuea  has  been  seriously  affected.  By  usinj^  these  accumu- 
lated matters  the  Body  can  work  and  keep  warm  during 
several  days  of  more  or  less  deticient  feeding:  and  the  fatter 
an  animal  is  at  the  beginning  of  a  starvation  period  the 
longer  w^ill  it  live;  wlneh  would  not  be  the  case  could  not  its 
fat  be  utilized  by  the  working  tissues,  riibeoyiliiii^^iuiiirials 
prove  the  same  thing;  bears,  before  their  winter  sle  p,  are 
very  fat,  and  at  the  end  of  it  commonly  very  tiiin;  wliile 
their  muscular  and  nervous  systems  are  not  noticeably 
diminished    in    mass.     During  the  whole  winter,  then,  the 
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euergy  needed  to  keep  the  heart  and  respiratory  muscles  at 
work,  and  to  maintain  the  temperature  of  the  body,  must 
have  been  obtainetl  from  the  oxidation  of  the  fat  reserve 
with  which  the  aTiimal  started. 

Glycogen.  The  i>ize  of  the  liver  was  long  a  8tumblin<:- 
block  to  physiologists:  it  was  dittieult  to  understand  why  so 
large  an  organ  siiould  be  developed  for  the  mere  secretion  of 
some  bile,  a  not  \x»ry  im|>ortant  digestive  liquid.  But  even 
centuries  ago  some  glimmering  of  the  truth  was  guessecK 
and  the  liver  was  believed  to  be  concerned  in  the  elaboration 
of  NMJjii/iir  biooii,  which  wjis  distinguished  from  the  blood, 
charged  with  vifal  itjtirif;<,  which  came  from  the  l^ng8  and 
the  leftjside  of  the  heart.  Harvey's  discovery  of  the  real 
course  of  tlie  circulation,  and  Lavoisier's  interpretation  of 
the  meaning  of  respiration,  upset  those  crude  doctrines;  and 
for  long  the  germ  of  truth  which  tlicy  contained  was  lost  to 
view  in  the  glare  of  the  new  light.  Wc  have  now  learned, 
on  a  new  basis  of  actual  experiment,  that  the  liver  is  very 
largely  concerned  in  the  nutritive  processes  of  the  Body:  its 
relation  to  proteid  metalH>lism  and  urea  formation  has 
already  been  considered,  and  we  have  now  to  study  its 
activity  in  regard  to  the  formation,  and  storage,  and  trans- 
mission of  a  carbohydrate  snl>stanct',  ijlurmivti. 

If  a  liver  be  cut  up  two  or  three  lioiirs  after  removal  from 
the  body  <»f  a  liealtliy  well-TeJ  'inninal,  wvA  tliorouiihly  ex- 
tractcd  with  water,  it  will  yield  niiieli  irrape-su^^ar.  If. on  tlie 
oUier'hand.a  p^fx^'tjv  fp>^.V.  ^i^'^'^*  ^»^'  lu:auj.raiiidly  to  the  teni- 
peratnre  of  hoifing'waTer,  and  be  then  poumied  up  and  ex- 
tracted, it  will  yieid  a  milky  solution,  e(.ntaining  little  grape- 
suixar,  l)ut  nnicli  f/JtfnH/efi:  a  substance  wbicli  chemically 
has  tlic  same  einptncal' formiila  as  stanli  ((\H,.0,),  and  in 
other  wavs  is  closely  allied  to  that  IxmIv.  The  salixary  and 
pancreatic  secretions  rapidly  convert  it  into  the  sugar /wr///o,*e, 
as  they  do  starch.  The  transformation  of  irlycoiren  into.ducose 
(gri4i^.iu.L^ar)  which  occurs  in  the  liver  after  deatli  and  proi>- 
ably  also  during  life  is  then  quite  dilTcrent  from  that  brought 
alxmt  by  the  digestive  enzymes:  and  in  fa<'t  nj^Jlua^Jiie  has 
been  extracted  Ifrom  fresh"liver.  The  ciianirc  is  apparently 
not.  4k  f«ruientative  one,  but  one  dei>cndcnt  on  some  vital 
metabolic  activity  of  the  liver-cells,. which  activity  is  greatly 
accelerated  during  theifperiod  of  dying:  lionce  the  need  of 
killing  them  rapidly  by  boiling,  if  any  considerable  amount  of 
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glycogen  is  to  be  obtained  from  the  organ.  Pure  glycogen 
ia  li  while  unjorphous  inodorous  jiowder,  readily  sohible  iu 
water,  furrniiig  an  opiitt'scent  milky  suhition;  insoluble  in 
alcohoK  ami  i^iving  with  iodineji  red  colomiion  whi€h  dis- 
appears on  heating  and  reappears  on  cooling  again. 

About  four  per  eent  of  glvcogeti  ean  be  obtained  from 
the  liver  of  a  well* nourished  anbnal  {dog  or  nibbit).  This 
for  the  human  liver,  which  weiglis  about  \'\W  grams  (53 
nz.),  would  give  about  60  grams  [*L\  oz.)  of  glycogen  at  any 
one  moment.  The  quantity  actually  formeil  daily  is,  how- 
e\*er,  much  in  exces«  of  that,  wiuce  glycogen  is  constantly 
being  removed  from  the  liver  aiul  curried  elsewhere,  while  a 
fresh  supply  ia  formed  in  the  organ.  Ita  quantity  is  i^ubject, 
also,  to  considerable  fluctuations;  being  j^ifirittfaj  )k\um\  tw,n 
houra  after  a  good  meal,  and  falling  from  that  time  until  the 
next  digestion  period  commences,  when  it  begins  !<»  rise 
until  it  agaiii  attains  its  maximum.  If  a  warm-blooded 
animal  be  starved  glycogen  disappears  from  its  liver  in  the 
i!ourse  of  four  or  live  days.  We  are,  thus,  led  to  believe  that 
glycogen  is  being  constantly  used  up,  and  that  its  mainte- 
nance in  tiormal  quantity  ^^"['"ijib  f'"  f.o*U-^»p|*iy       ^ 

The  accumulation  and  disappearance  of  glycogen  can  be 
demtmatrated  histologically.  The  liver  is  essentially  a  com- 
puund  tubular  gland, but  its  structure  is  obscured  In*  the  fact 
that  the  hcpntic  cells  are  very  large  in  proportion  to  the 
tubules  which  they  surround,  so  that  these  are  reduced  to 
m^re  fhirfHhs^  formed  by  the  apposition  of  grooves  on  the 
adja(»ent  sides  of  two  ctdls;  and  by  the  fact  that  cells  and 
ductules  form  an  irrcirular  network  irjterlaced  with  the  capil- 
laries of  the  lobule  (Chap.  XXII),  which  capillaries  are  far 
larger  than  the  interlobular  bile-<Jurts,  When  properly  pre- 
pared hepatic  cells,  taken  from  a  healthy  well-fed  animal, 
are  examined,  the  side  of  the  cell  nearest  the  bile^ductule  is 
seen  to  be  granular,  and  it  also  picks  up  readily  most  of  the 
ordinary  protoplasmic  stains.  The  rest  of  the  cell  containa 
few  grannies  and  does  not  stain  with  carmine,  but  it  does 
stain  red  with  iodine.  It  is  in  fact  nuviidy  filled  with  glyco- 
gen, and  if  this  be  dissolved  out  by  digestion  with  saliva  there 
is  left  a  loose  protophtsmic  network.  If  sections  from  the 
liver  of  a  starved  animal  be  compared  with  those  from  a 
welLfed,  the  liver-cells  are  seen  to  be  considerably  smaller,  to 
be  granular  throughout,  and  to  stain  everywhere  with  carmine 
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and  not  at  all  with  iodine:  they  contain  no  glycogen  and  may 
be  compared  with  the  cells  of  the  pancreas  in  a  late  sta^  of 
digestion  (Chap.  XIX). 

In  the  liver  we  have  to  deal  with  cells  of  twofold  f iiuctiou ; 
the  granular  portion  of  each  especially  concerned  with   bile 
secretion,  and  tlie  larger  portion  of  the  cell  with  the  mucking 
of  glycogen.     In  a  salivary  gland  we  liave  cells  whose  sole 
apparent  function  is  tlie  formation  of  secretion  to  be  ]x>ured 
into  the  gland  ducts;  in  the  thyroid  and  suprarenal  bodies 
we  find  cells  forming  special  materials  which  are  passed  int-o 
blood  or  lyni])h.     The  hepatic  cells  do  both,  and  it  should  be 
borne  in  mind  that  ])ossibly  all  gland-cells  do.     In  fact  it  has 
already   been   ])ointed  out  that   the  pancreas   lias  still   an- 
other function  than  the  formation  of  i)ancreatic  juice.     As 
regards   the   liver-cells,  we  naturally  ask  whether  the   two 
processes,  bile-making  and  glycogon-making,  are  distinct  and 
independent   activities,  or  whether   bile  and   glycogen   are 
simultaneous  pr<)du<*ts  of  a  single  metabolic  activity,  as  soap 
and  glycerine  are  of  the  chemical  process  of  soap-making: 
but  to  this  question  it  is  not  possible  yet  to  give  a  satisfactory 
answer. 

The  Souroe  and  Destination  of  Liver  Glycogen.  All 
foods  are  not  equally  efficacious  in  keepinor  uj)  the  stock  of 
glycogen  in  the  liver;  fats  by  themselves  are  useless;  proteids 
by  themselves  n^ive  a  little;  by  far  tlie  most  is  formed  on 
a  diet  xxc.h  in  stiireb  and  sugar  :  so  it  would  seem  that  glyco- 
gen is  mainly  formed  from  carboliydrate  materials  absorbed 
from  tlie  alimentary  canal  and  carried  to  the  hepatic  cells  by 
the  portal  vein.  The  chief  of  tliese  materials  is  probably 
glucose,  since,  althonu^h  sjiliya  audili.CjmoJol^-tiiLii^  of 

the  pancrf^aH  c^iuvert  starcKJntg  imiUc>5c  ((',,1L,0,,  4-  ILO), 
of  the  cane-siiii^ar  jjfronp,  tke  intestinal  secret ioTi  ra|)idly  con- 
verts this  into  grnpe-su^ar  or  gincowo,  Tins  is  taken  \\\\  by 
the  liver-cells,  modified  by  them  and  stored  as  Hyconrn^:  and 
by  their  further  activity  from  time  to  time  reconverted  into 
glucose  and  passed  into  the  blood  according:  to  the  needs  of 
the  Body  in  general.  The  cells  then  do  distinctly  chemical 
work  on  the  carbohydrate  material:  possibly,  indeed  even 
probably,  they  build  that  supj>lied  into  tluMr  own  living'  sub- 
stance and  then  by  partial  breakinir  down  of  this,  cleposit  some 
of  it  for  a  time  as  glycogen:  and  by  further  livin^r  activity 
turn  this  into  glucose  and  send  it  on  to  the  blood,  when  the 
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fiugar  iu  that  liquid  Mis  below  a  certuin  percentage*  That 
the  fihief  part  of  the  glycogen  found  in  the  nor nud  Hver  has 
its  ultimate  suurcc  in  carbohydrate  foods  \^  shown  by  several 
facte.  (1)  Sugar  if  it  exist  in  the  blood  in  above  a  cGrtaiu 
aitiall  percentage,  passes  ont  by  tiie  kidneys  and  appears  in  the 
urine,  constituting  the  t-haracteristic  symptom  of  the  dieease 
called  diabeles.  In  health,  however,  even  after  u  nienl  very 
rich  in  carbohydrates,  sugar  rarely  apj^ears  in  the  urine,  and 
then  but  temporarily;  so  that  the  large  quantity  of  it  absorbed 
from  the  alimt*ntary  canal  within  a  brief  time  under  such  eir- 
eurnstances,  must  be  stopped  soniewbere  before  it  reaches  the 
general  blood-current.  (:*)  Glucose  iTijected  into  one  of  tlie 
general  veins  of  an  animal,  if  in  any  quantity,  soon  appears 
in  the  urine;  but  the  same  anioinit  injected  into  the  portal 
vein,  or  one  of  its  radicU*s,  causes  no  diabetes,  but  an  accumu- 
lation of  glycogen  in  the  liver  We  may  therefore  conclude 
that  the  sugar  absorbed  from  the  alimentary  canal  is  taken 
by  tlie  portal  vein  to  the  liver,  and  there  converted  Into 
glycogen  and  stayed  for  a  time;  and  later  slowly  passed  on 
into  the  hepatic  veins  during  the  intervaK^  between  meals. 
Thus  in  spite  of  the  intervals  wliicli  elapse  between  meals  the 
carbohydrate  content  of  the  blood  is  kept  pretty  constarrt: 
during  digestion  it  is  not  suiTered  to  rise  S{.'vy  biph,  nor  dur- 
ing onlinary  periods  of  fjtsting  to  fall  very  much  below  the 
average. 

In  what  form  glycogen  leaves  the  liver  is  not  certain  ;  it 
might  be  dissolved  out  and  carried  off  as  Fuch,  or  previously 
turut'd  again  into  glucose  and  sent  on  in  that  form;  since  the 
fresh  liver-cells  are  capable  of  changing  glycogen  into  glucose 
the  latter  view  is  the  more  probable.  Analyses  of  portal  and 
hepatic  bbxMJg,  madt^  with  the  s'ww  of  determining  whetlier 
more  sugar  was  carried  out  of  tlic  liver  during  fasting  than 
into  it.  are  conflicting;  and  considering  the  great  amount  of 
hlcKMl  which  flows  through  the  liver  in  tweuty*four  hours,  a 
very  slight  increase  of  sugar  (falling  within  the  Iimit3  of 
error  of  the  dithcult  qmuititative  determination  of  that  sub- 
stance in  the  blood)  in  the  hepatic  vein  would  represent  a 
large  total  amount  during  the  whole  day.  The  main  fact, 
however,  remains  that  somehow  this  carbohydrate  reserve  in 
the  liver  is  steadily  carried  off  to  he  used  elsewliere:  and 
animal  glycogen  thus  answers  pretty  much  to  vegetablest^jxh, 
which,  made  in  the  green  leaves,  is  ^MftililY***^^^^^^  irarrird  airnj 
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by  the  sap  currents  to  distant  and  not  green  parts  (as  the 
grains  ofcbrn  or  tubers  of  a  potato,  which  cannot  make  starch 
for  themselves)  and  in  them  is  again  laid  down  in  the  form  of 
solid  starch  grains,  which  are  subsequently  dissolved  and  iiscmJ 
for  the  growth  of  the  germinating  seed  or  ]>otato.     Reasons 
liave  been  given  in  an  early  part  of  this  chapter  for  believin*: 
that  the  carbohvdratft  limving  the  liver  is  imt  oxidized  iu  the 
blood,  but  only  after  it  has  passed  out  of  that  into  the  organ- 
ized  tissue.     Among  these  the  muscles  at  least  seem  to  get 
some,  since  a  fresh  muscle  always  contains  glycogen,  and  even 
to  retain  it  in  normal  amount  after  an  animal  has  been  starvetl 
for  some  time:  the  muscle-fibres  then,  so  to  speak,  drawing  on 
the  balance  with  their  banker  (the  liver)  so  long  as  there  is 
any.     When  a  mugclejyntracts.  this  ^^jffl£P'l  disifcl^jy"^  and 
some  glucose  aj)p^ar8,  but  not  an  amount  equivaleiu  to  the 
glycogeiTuseS  ujj/so  that  the  working  muscle,  it  is  probable, 
uses  this  substance,  among  others,  for  its  repair,  after  each 
contraction. 

How  it  is  that  tlie  glycogen,  which  is  so  rapidly  converted 
into  grape-sugar  by  the  dying  liver,  escapes  such  rai)id  con- 
version during  life  has  not  been  satisfactorily  answered.  It 
may  be  that  the  metabolisms  of  the  dying  hepatic  cell  inchnle 
processes  whicli  are  an  e\ag<::eratioii  of  tliose  occurring  dur- 
ing normal  life;  in  some  sncli  way  as  the  production  of  myo- 
sin in  dying  niusulo  is  api)arently  uti  exai::;:cralion  of  chemical 
changes  occurriiig  in  normal  contracting  imisole:  or  the  gly- 
cogen in  the  living  cell  may  not  exist  free,  but  combined 
with  otlier  portions  of  the  cell  substance  so  Jis  to  be  pro- 
tecteil ;  wliile,  after  death, //as7-///o/7r///  cliauges  may  rapidly 
liberate  it  in  a  condition  to  l)e  acted  upon. 

Diabetes.  The  study  of  tliis  disease  throws  some  light 
upon  the  history  of  glycogen.  Tjw^  distinet  varieties  of  it 
are  known;  one  in  whicli  sugar  aj)pears  in  the  urine  only 
when  the  patient  takes  carboliydrate  foods:  the  other  in 
which  it  is  stili  excreted  when  he  takes  no  sucli  foods,  and 
must  tliurefore  form  sugar  in  his  Body  from  substances  not  at 
all  chemically  allied  to  it.  The  more  probaljle  sn^i  rco,  of  the 
sugar  in  the  latter  case  is  proteids;  since  some  glycogen  is 
found  in  the  livers  of  nnimals  fed  on  proteids  only,  while iate- 
by  themselves  give  none  of  it.  It  seems  that  the  proj^ii** 
m^2lfifi»le>  in  some  complex  way,  is  sjdit  up  in  the  liver  into  a 
highly  nitrogenized  part  (urea  or  aiTJtntertrffent  of  urea)  and 
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a  iioiiazotized  part,  glycogfiji.  On  tins  view  the  more  severe 
form  of  ilial>ett!S  wuiTTd  be  due  to  an  increased  activity  of  a 
aoniial  pruteid-deeuiuposiiig  fuiiution  of  the  hepatic  cellH;  and 
sometijiiOH  tlio  urea  and  sugar  in  the  uHiie  of  diahetics  rise 
ai*d  fall  tt*gi.;ther,  thun  tseeuiiiig  to  indicate  a  eunniuinity  of 
origin.  Dialjetei*  dependent  on  earbohydrate  food  might  bo 
produced  in  several  ways.  The  liver-cella  might  cease  to 
stop  the  sugar  and,  letting  it  all  pass  on  into  tlie  general  cir- 
culation, sniTer  it  to  rise  to  i«uch  a  ]>ercentage  in  the  blood 
after  a  meal,  that  it  attained  the  proportion  iu  which  the 
kidneys  pass  it  on t ;  or  the  tissues  might  cease  to  use  their 
natural  amount  of  sugar,  and  this,  sent  on  steadily  out  of  the 
liver,  at  lust  rise  in  the  blood  to  the  point  of  excretion.  Or 
the  liver  migiit  trans fnnn  (into  ghicoge)  and  juiss  on  its  gly- 
cogen faster  than  the  other  tissues  used  it,  and  so  diabetes 
might  arise;  but  this  would  only  be  temporary,  histing  until 
tiie  liver  stock  was  used  up  hy  the  rapid  conversion.  Arti- 
ficially we  can,  in  fact,  produce  dialrtjtcs  in  several  uf  these 
ways;  curari  poisoning,  for  example,  paralyzing  the  motor  , 
ilglXfifi*  make^  the  skeletal  muscles  lie  conipTeleTjTaT  rest,  and 
so  diminisbcH  the  glycogen  consumption  of  the  Body  ancl  pro- 
duces diabetes.  Carl)on-monoxide  poisoning  produces  dia- 
betes also,  presumably  by  checking  bodily  oxidation.  Fi- 
nally, pricking  a  certain  sjioi  in  the  nu'd^iUn  ohhrntiitftt  causes 
a  temporary  diabetes.  This  nnglit  cimccivablv  bu  ilne  to  the 
fact  that  tlie  operation  injures  that  part  of  the  vaso- motor 
centre  which  controls  tlui  muscular  coat  of  the  liepi^t^f;  artery. 
and  this  artery,  thetyijJiiLiuj^,  carries  so  much  blood  through 
the  liver  that  an  excess  of  glycogen  is  carried  nil  by  the 
hepatic  veins;  and  in  favor  of  this  opinion  is  the  fact  that  if 
the  splanchnic  tierves  be  cut  the  whole  arteries  of  the  ab- 
dominal viscera  dilate  no  diabetes  follows.  This  has  been 
explained  as  due  to  the  fact  that  ro  many  vessels  are  dilated 
that  a  great  part  of  the  blood  of  the  Body  accumulates  in 
them,  and  there  is  in  consef|uence  no  noticeably  increased 
flow  through  the  liver.  Others,  however,  maintain  that  the 
**;»/^rfr(9 '*  diabetes  (as  that  du»^  to  jiricking  the  medulla  is 
called)  is  due  to  irritation  of  t rojihn^ji^iga^fibrf^s  originating 
there,  and  governing  ti^>f>  rahi:.  tit  wliLdi  t\ttk  Iivap-^^IIb  prnrlni^ 
TJjTogen  or  vj^nvt^L  \t  [\i\t^  jr1^inr>flp  This  latter  view, 
thrjugnperliaps  the  less  commonly  accepted,  is  prol)ably  the 
more  correct.    The   hepatic  cells  do  not  merely  hold  hack 
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glucose  ciirried  through  the  liver  m  that  it  is  there  lo  be 
Witshed  out  by  a  greater  blood -flow,  but  thoy  feed  oii  eii^^r 
and  proleida  and  make  glycogeii;  aud  tliis  is  later  converied 
into  glucose  and  carried  off*  Glycogen*  except  for  its  dis- 
charge into  the  blood  instead  nf  a  gland  <luct,  would  then  be 
cornpaniblu  to  the  niUteriaU  stored  in  the  oellis  of  the  salivary 
and  some  uther  glands  (Chap.  XIX);  and  the  tnui^fornia- 
tion  of  8ueh  bodies  into  the  specific  element  of  a  SGcrettori 
we  have  already  seen  to  be  directly  under  the  control  of  the 
nervous  systeni,  and  almost  entirely  or  qnite  independent  of 
the  si  ni  id  tan  eons  blood-fl(*w, 

The  History  of  Fata.  While  glycogen  forms  a  res^ervo 
store  of  material  wiiicij  is  subject  to  rapid  alterations,  deter- 
mined by  meal  timet),  the  fats  are  much  more  stable;  their 
periods  of  fluetimtit>n  are  regulated  by  day^,  weeks,  or  mouths 
of  good  or  bad  nntritiori,  and  during  starvation  tlioy  are  not 
so  readily,  or  at  least  so  rapidly,  calkMl  upon  us  the  hejmtic 
glycogen.  If  we  carry  on  the  simile  by  which  we  compared 
the  reserve  in  each  eell  to  pncket*money,  tlie  glycogen 
would  answer  somewhat  to  a  balance  on  the  right  side 
with  a  miin*8  banker;  while  the  fat  would  rerjr^aautjjgsets  op 
Aff^rnriy^f  not  so  rapidly  rpa^^|^blp!  m  fapitaliri  business,  or 
the  cargoen  afloat  in  the  argosies  of  Antonio,  tire  **  Merchant 
of  Venice.**  tjj^in  fact,  is  slowly  hiid  down  in  fat-cells  and 
surrounded  in  these  by  a  cell-wall,  and,  being  itself  insoluble 
in  blood  plasma  or  lymph,  it  must  undergo  cliemical  changes, 
whir-h  no  doubt  require  some  time,  before  it  can  be  taken 
into  the  blood  and  carried  off  to  other  parte. 

When  adipose  tissue  is  developing  it  is  seen  that  undif- 
ferentiated  cells  in  the  connective  tissues  {especially  areolar) 
show  minute  oil-drops  in  their  proto]dasm ;  these  increase 
in  size  and  nitimutely  fuse  together  and  form  one  larger 
oil-droplet,  whjle  most  of  the  original  prntyjjj^ni  flir^rt  "'^r- 

The  oily  nmlter  wnuhT  thuB  aef^m  fine  to  i\  fi]ieniiei^l  mytA> 
mor]>hosis  of  the  cell  prptoplnsm,  during  wliich  it  gives  riao 
to  a  non-uzotiaetl  fatty  residue  which  remains  behind,  at  id  a 
highly  nitrogenous  part  wliirh  is  carried  off.  In  many  parts 
of  the  Botly  protoplasmic  nuisses  are  subject  to  a  similar  but 
less  complete  meianiorjdiosis;  f^^lt^'  degeneration  of  the  heart, 
for  example,  is  a  more  or  less  extensive  rgpIflfflBiiii^^  ortlie 
)>iY*per  substance  of  its  muscular  fibres  by  fat-droplets;  and 
tiie  cream  of  milk  and  the  oily  matter  of  tUe^sebaceoua  secre 
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tioii  ure  due  to  n  similar  fattj  degeneration  iu  gknd-cella. 
Moreover,  careful  feeding  experiments  undoubtedly  show  that 
fjit  vtm  eome  fnan  i*rutuid«;  wlien  an  animal  k  very  richly 
Hiipplied  witli  these  ull  tho  nitrogen  taken  in  them  reappeur* 
in  its  excretions,  but  all  the  earbou  does  not;  it  is  in  part 
stored  in  tiie  Body:  and,  since  such  feeding  produces  but 
Utile  glycogen,  tins  carbon  can  miiIv  be  s^tored  as  fat. 

Wliilc  there  is,  then,  no  doubt  that  6ome  fat  may  have  a 
proteid  origin  J  it  is  not  (certain  that  all  hits  such.  During 
digestion  a  great  deal  of  fat  is  ordinarily  absorbed,  in  a 
chemically  unchimgcd  gtate,  from  the  alimentary  canal;  it  is 
merely  emnkificd  and  carried  oft  in  minute  drops  by  the  ehyle 
to  be  poured  into  the  blood;  ami  this  fat  might  coneeiveably 
\m  directly  deposited,  as  such,  in  adipose  tissue.  There  are, 
however,  good  reasons  for  supposing  that  all  the  fat  in  the 
Hod^'  is  fganufiictured.  1'lie  fat  of  a  nnm,  <>f  a  dog,  and  of  a 
cat  VI I r i e sT^iTie  p r o pn r t i tui s  of  pahnatin,  stearin,  margariu, 
ttud  uleiu  in  it;  and  varies  in  just  the  same  way  if  all  be  fed 
on  the  same  kind  of  food,  which  could  not  be  the  ease  if  the 
fat  eaten  were  situply  deposited  unchanged.  Moreover,  if 
an  animal  he  fed  on  a  diet  containing  one  kirul  of  fat  only, 
say  olein,  buL  a  very  slightly  increased  percentage  of  that 
particular  fatty  snbstauce  is  found  in  its  adipose  tissue, 
which  goes  to  show  that  if  fats  conie  from  fats  eaten,  these 
latter  are  first  pulled  to  bits  by  the  living  cells  and  bnilt  up 
again  into  the  forms  normal  to  the  animal;  so  that,  even  with 
fatty  food,  the  fats  stored  up  seem  to  he  in  nujst  part  numu- 
factured  in  the  Ibnly. 

In  still  another  way  it  is  proved  that  fats  ciin  be  con- 
structed in  the  Body.  In  animals  fed  for  slaughter,  the  total 
fat  stored  up  in  them  during  the  process  fa  greatly  in  excess 
of  tliat  taken  witlj  thi'ir  food  during  llic  same  time.  For 
example,  a  fattening  pig  may  store  up  nearly  five  hundred 
parts  of  fat  for  every  hundred  in  its  food,  and  this  fat  must  be 
nni<Je  from  proteids  or  c:ixJiolL>'d rates.  Whether  it  can  come 
from  the  latter  h  still  perhaps  an  open  qnestion:  for,  while 
all  fattening  focids  are  rich  in  starch  or  similar  bodies,  there 
are  considerable  chemical  ditlicultics  in  suppiising  an  origin 
of  fats  from  swch;  and  it  is  on  the  whole  more  i»robftble  that 
they  simply  act  by  spariuj;  from  use  fats  Bimultaneously 
formed  or  storcil  in  the  body*  andliliicb  would  tiave  other- 
wi^e   been   called   upon*      They   make    glycogen,  and    thii 
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shelters  the  fats.  Xiiebig,  indeed,  iu  a  very  celebrated  dis- 
cussioiiy^aintuined  that  fats  were  formed  from  cy bohy d rates 
He  showeJrt1TaI'a'*cow~gave  out  more  Lufter'ur'its  milk  than 
it  received  fats  in  its  food;  and  Iluber,  the  blind  naturalist, 
showed  that  bees  still  made  wax  (a  fatty  body)  for  a  time 
when  fed  on  pure  sugar;  and  indofinitely  wlien  fed  on  honey. 
Consequently,  for  a  long  time,  an  origin  of  fats  from  <?arbo- 
hydrates  wiw  supj^sed  to  be  i>r<)ved;  bijj  their  possible  origin 
from  ^joteids  (a  ])08sibility  now  shown  to  be  a  certainty )  was 
neglected,  and  the  validity  of  the  above  proofs  of  their  carbo- 
hydrate origin  is  thus  upset.  The  cow  may  have  made  its 
butter  from  i)roteid8;  the  bees,  fed  on  sugar,  their  wax  for  a 
time  from  proteids  already  in  their  bodies;  and,  indefinitely, 
when  fed  on  honey,  from  the  proteids  in  that  substance. 
Moreover,  animals  (ducks)  fed  on  abundant  rice,  which  con- 
tains much  carbohydrate  but  very  little  i>r<)teid  or  fat,  remain 
lean;  while  if  some  fat  be  added  they  hiy  up  fat. 

Persons  who  fatten  cattle  for  the  butcher  find  that  the 
fooils  useful  for  the  purpose  all  coiihiin  proteids,  carlx)hy- 
d rates,  and  fats,  and  that  rapid  fattening  is^lfnly  obtained 
with  foods  containing  a  good  deal  of  fat;  as  oilcake,  milk, 
or  Iiuliaacorn.  Taking  all  the  facts  into  account  we  shall 
l)robab]y  not  be  wron^;  in  concliulini;  tliiit  nearly  all  the 
bodily  fat  is  nuinufactureii  either  from  fats  or  ])roteids; 
from  flits  easier  than  from  anyihinir  else,  hut  when  much 
proteid  is  eaten  some  is  made  from  it  also.  Carbohydrates 
alone  do  not  fatten;  the  animal  body  cannot  make  its  pal- 
matin,  etc.,  out  of  them.  Nevertheless  they  are,  indirectly, 
important  fattening  foo<ls  when  given  with  others,  since, 
being  oxidized  instead  of  it,  they  protect  the  fat  formed. 

Dietetics.  That  **one  man's  meat  may  he  another  man's 
poison  "  is  a  familiar  saying,  and  one  that,  no  doubt,  ex 
presses  a  certain  amount  of  truth;  but  the  difTerence  probably 
depends  on  the  varying  digestive  powers  of  individuals 
rather  than  on  peculiarities  in  their  laws  of  cell  nutrition: 
we  all  need  about  the  same  amount  of  proteids,  fats,  and 
carbohydrates  for  each  kilogram  of  body  weight:  but  all  of 
us  cannot  digest  the  same  varieties  of  them  equally  well:  it 
is  also  a  matter  of  common  experience  that  some  foods  have 
peculiar,  almost  poisonous,  effects  on  certain  persons.  Some 
people  are  made  ill  by  mutton,  which  the  majority  digest 
better  than  beef. 
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The  proper  diet  must  necessurily  vary,  at  lemi  as  to 
amount,  with  the  work  done;  whether  it  should  vary  in  kind 
with  the  nature  of  tin*  work  is  not  so  certain.  Pj'jQyjded  a 
man  ^ets^  enough  proteids  to  hahuR-u  those  lost  in  tire  wear 
and  tear  of  his  tissues,  it  probuUy  matters  Httle  wliether  he 
gel-  fi'V  '►xi^ialiMii  ;iiid  the  liberation  of  energy  either  fats  or 
ea  rl  m  i  1  j  y  <  1  ru  t  eij,  *  >  r  even  ex  cess  of  protj?  i  d  s  tli  e  n  i  se  1  v  es ;  a  n  v  * » 1 1  e 
oriho  Three  will  allow  him  to  work  either  his  bruin  or  hia 
muscles,  and  to  maintuin  \m  tern perat ore.  Proteidg,  liow^- 
ever,  sire  wtuiteful  foods  for  mere  energy -yielding  purposes: 
in  the  first  place,  they  are  more  costly  than  the  othere; 
secomlly,  tiun*  are  incompletely  oxidi^ied  in  the  Body;  und» 
thirdly,  it  is  probably  more  laborious  to  the  system  to  get  rid 
of  ureu  than  of  the  carbon  dioxide  and  water;  which  alone 
are  yielded  by  the  oxidation  of  fats  and  carliohyd rates.  Be- 
tween fats  and  car holiyil rates  simihir  considerations  lead  to 
a  use  of  the  latter  when  practicable:  starch  is  more  easily 
utilized  in  the  Body  than  fats,  as  shown  by  the  manner  in 
which  it  protects  the  latter  from  oxidation;  a?irt  a  given 
weight  of  starch  fnlly  oxidized  in  the  Body  will  liberate 
about  one  half  m  mnch  energy  as  the  same  amount  of  butter, 
while  it  costs  coTJsiderably  less  than  half  the  money.  Also, 
starch  is  more  easily  digested  than  fats  by  most  persons: 
children  especially  are  apt  to  be  fond  of  starchy  or  saccharine 
foods  and  to  loathe  fnt;^;  and  the  appetite  in  cuch  cases  is 
a  good  guiile.  As  a  rule  the  jieople  of  tlje  United  States 
differ  \eTy  markedly  from  the  English  in  their  ^jjj^^^ynjj^t 
foods  of  all  kinds:  whether  this  is  CDrrelated  writfi  their  char- 
acteristie  ucEi^tv.  calling  for  some  food  that  can  be  rapidly 
nsed,  is  an  interesting  q  nest  ion. 

It  is  certain  that  no  general  rules  for  tlie  best  dietary 
for  all  [versons  can  be  formulated,  but  on  broad  principles 
the  best  diet  is  that  which  contains  just  the  amount  of  pro- 
teid  necessary  for  tissue  repair,  and  so  much  carbohydrates 
as  can  he  well  digested;  the  balance  needed,  if  any,  being 
made  up  by  fa|s  and  s^elatiiioids.  Such  a  food  would  be 
tlie  cheapest:  that  is,  the  supplying  of  it  would  call  for  less 
of  the  time  and  energy  of  the  Tiatiotj  using  it,  and  leave  more 
work  to  spare  for  other  pursnits  tlnui  food  production — for 
all  the  arts  which  make  life  agreeable  and  worth  living,  and 
which  elevate  civilized  man  above  the  merely  material  life  of 
the  savage  whose  time  is  devoted  to  catching  and   eating. 
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We  have  high  authority  for  saying  that  man  does  not  live  by 
bread  alone;  in  other  words,  liis  highest  development  is 
impossible  when  he  is  totally  absorbed  in  **  keeping  body  and 
soul  together/'  and  the  more  labor  that  can  be  spared  from 
getting  enough  food  the  better  chance  has  he,  if  he  use  his 
leisure  rightly,  of  becoming  a  more  worthy  man.  While 
there  is,  thus,  a  theoretically  best  diet,  it  is  nevertheless 
impossible  to  say  what  that  is  for  each  individual;  but  what 
the  general  experience  is  may  be  approximately  gathered  by 
taking  an  average  of  the  dietaries  of  a  number  of  public 
institutions  in  which  the  health  of  many  people  is  main- 
tained as  economically  as  possible.  Such  an  examination 
matle  bv  Moleschott  gives  us  as  its  result  a  diet  containing 
daily—"  ii^dc^/^^. 

Proteids 30  grams  or       465  grainb       /  ^    ^ 

Fats 84      *•      or    1,300      **         ^  J^ 

r"arlK)hydrate8 404      "      or    (J,262       **  I  ^  f 

Salts 30      *•      or       465       **  ^     * 

\Vat«r 2800      •*      or  43.400       '*  VI  «  s 

People  in  easy  circumstances  take  as  a  rule  more  proteids 
and  fats  and  less  amyloids;  and  this  selection,  when  a  choice 
is  possible,  probably  indicates  that  such  a  diet  is  the  better 
one:  the  proteids  in  the  above  tabic  seem  especially  deficient. 
Experimenting  on  himself  the  physioloirist  Ranke  found  that 
when  he  was  in  good  health,  neither  iraining  nor  losing 
weight,  and  excreting  daily  as  much  iiitroircn  as  he  took  in 
food,  he  maintained  this  condition  of  equilibrium  on  a  diet 
containing 

Proteids 100  ^ranis  (     1550  grains)  ^  "? 

Fats 100     '•     (    ir»:>()     -     )  ^/) 

('arlM>byd rates 240      "      (    :JT20      **      >  o      ' 

Salts..'. 25      ..      ^      4,;^;.      ..     )       /    •• 

^Vater 2600      •*      (40.400      "      )       '     *  / 

Other  experimenters  have  since  arrived  at  very  similar  re-  V 
suits;  and  such  a  diet  is  probably  about  the  normal  for  per- 
sons of  our  race  living  in  a  temperate  climate. 


CHAPTER  XXX. 

THE  PRODUCTION  AND  REGULATION  OF  THE  HEAT  OF 
THE  BODY, 


Cold-  and  Warm-blooded  AiiimalB.  All  animals,  so 
long  as  they  are  alive,  are  the  sent  of  chemical  changes  by 
which  heat  is  libemted ;  hence  all  tend  to  be  •somewhat 
waroier  than  their  ordinary  surroundings,  tliough  the  differ- 
ence may  not  be  noticeable  urdess  the  heat  production  is 
considerable.  A  frog  or  a  titjh  is  a  little  hotter  than  the  air 
or  water  ni  which  it  lives,  but  not  much;  the  little  heat  that 
it  produces  is  lost,  by  radiation  or  conduction,  almost  at  once. 
Hence  snch  animals  have  no  proper  temperature  of  their  own; 
on  a  warm  day  they  are  warm,  on  a  cold  day  cold,  and  are 
accordingly  known  as  changtabk-kmptndnrmi  {jmikih-theT' 
mous)  or,  in  ordinary  language,  **  cold-blooded  *'  animalSp 
Man  and  other  mammals,  us  well  as  birds,  on  the  contrary, 
are  the  seat  of  very  active  chemical  changes  by  which  much 
heat  is  produced,  and  so  maiiitain  a  tolerably  uniform  tem- 
perature of  their  own,  much  iiB  a  fire  does  whether  it  be  burn- 
ing in  a  warm  or  a  eoI3  room;  the  heat  production  during 
any  given  time  balancing  the  loss,  a  nnrnnil  body  temperature 
]fi  maintained,  and  usually  one  considerably  higher  than  that 
of  the  medium  in  which  they  live;  such  animals  are  com- 
monly named  "  warm-blooded/'  This  name,  however,  does 
not  properly  express  the  facts;  a  lizard  basking  in  the  snn 
on  a  warm  summer's  day  may  be  quite  as  hot  as  a  man  usu- 
ally is:  but  on  the  cold  day  the  lizard  becomes  cold,  while 
the  average  temperature  of  the  healthy  Human  Body  is, 
within  a  degree,  the  same  in  winter  or  summer;  within  the 
arctic  circle  or  on  the  equator.  Hence  it  is  bettor  to  call 
such  animals  "  hnmnthermnn,^  "  or  of  uniform   temperature. 

Modej[at<^  wanntli  -— i^-itcs  prntop]n^niic  activity;  com- 
pare a  frog  dormant  in  tor  witli  tho  ^ame  animal  ac- 
tive in  the  warm  monthis:  what  is  true  of  the  wiiole  frog  is 
true  of  each  of  its  living  cells.     Its  muscles  contract  more 
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rapidly  when  warmed,  and  the  white  corpuscles 
when  heated  up  to  the  temperature  of  the  Human  Bodj  auft' 
seen  Iwith  the  microscope)  tu  exhibit  much  more  active  ama^ 
bold  niovemeuts  than  they  do  at  the  temperature  of  frog's 
blood.  In  summer  a  frog  or  other  cold-blooded  animal  naea 
much  more  'oiyginv  and  ^^^Ivfifi  ^"^-J^  T^^nra  nart^ii  ^l^^yl^ 
tmm  in  winlei\'as  sliown  not  only  liy  direct  measurements  of 
its  giiseous  exchanges,  but  l>y  the  fact  that  [q  yj»i^»-  ^  f^^^ 
can  live  a  lou^  time  after  its  hinge  have  he^p  r^mpved  (being  ■ 
able  to  breathe  sufficiently  tb rough  its  moist  skin),  while  in 
warm  _weat her  it  dies  of  asphyxia  very  soon  after  the  same 
loss!  Tbe  wanner  weaFlier  puts  Us  tissues  in  a  more  active 
state;  and  so  the  amount  of  work  the  animal  does,  and  tliere- 
(ore  the  amount  of  oxygen  it  needs,  depend  to  a  great  extent 
upon  the  temperature  of  the  medium  in  which  it  is  living. 
With  the  warm-blooded  animal  the  reverse  is  the  case.  Within 
very  wide  limits  of  exposure  to  heat  or  cold  it  maiutains  its 
jAiUljitliiture  at  tliat  at  which  its  tis^esHve  best;  ac^" '■■^•'^:::ly 

in  cold  weather  it  uses  more  oxygen  and  sets  free  m  :>q_^ 

dioxide  becituse  it  needs  a  more  achve  interTial  coui bullion  to 
compeusate  for  its  greater  loss  of  lieat  to  the  exterior.     And     _ 
it  does  not  become  warmer  in  warm  weather,  partly  because    H 
its  oxidations!  are  less  than  in  cold  (other  things  being  equal), 
and  partly  because  of  physiological  arraugervients  by  which  it 
loses  heat  faster  from  its  body.     In  fact  the  living  tissues  of 
a  man  may  be  compared  to  hothouse  plants,  living  in  an  arti-    ■ 
ficially  maintiiined    temperature;   but  they  differ  from  the    I 
plants  in  the  fact  that  they  tliemselvcs  are  tlie  seats  of  the 
combustions  by  which  the  temperaLure  is  kept  up.     Since, 
within  wide  limits,  the  Human  Body  retains  the  same  temper-     ■ 
ature  no  matter  whether  it  be  in  cold  or  warm  surroundings, 
it  is  clear  that  it  must  possess  an  accurate  arrangement  for 
heat  regulation;  eitlier  by  controlling  the  production  of  beat 
in  it,  or  the  loss  of  heat  from  it»  or  both. 

The  Temperature  of  the  Body.  The  parts  of  the  Body 
are  all  either  in  confract  with  one  another  directly  or,  if  not, 
at  least  indirectly  through  the  Uflasl,  which,  flowing  from 
part  to  part,  carries  heat  from  warmer  tn  «f»ldei  reguuig^^ 
Thus,  although  at  one  time  one  group  of  musdcs  may  espe- 
cially work,  liberating  beat,  and  at  other  times  another,  or 
the  muscles  may  be  at  rest  and  the  glands  the  seat  of  actire 
oxidation,  the  temperature  of  the  whole  Body  is  kept  pretty 
much  the  same.     The  skin,  however,  which  is  in  direct  con 
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tact  with  external  bodies,  usually  colder  than  itself,  is  cooler 
thao  the_intGriml  organs;  its  temperature  in  health  is  from 
3(5°  to  37°  C.  (9C;,8-!)8.5'*  P\),  being  warmer  in  more  protected 
parts,  as  the  hollow  of  the  armpit.  In  internal  organs,  aa 
the  liver  and  brain^  the  temperature  is  higher;  ahmU  4:]''  C« 
(107°  F,)  tn  health.  In  the  kings  there  is  a  certain  qnantity 
of  heat  liberated  when  oxygen  comhines  with  hajmuglobin,  but 
this  is  more  than  eounterbalariced  by  loss  of  the  heat  earried 
ont  by  the  exiiirod  air  and  that  nsed  up  in  evaporating  the 
water  carried  out  in  the  breathy  so  tlie  bh:>od  returned  to  tlie 
heart  by  the  ptilnioniiry  veins  is  sliglitly  eokler  than  that 
carried  from  Hip  riirlu  s;i<1i>  nf  ihp.  h^^urt  to  the  Xvur^. 

The  Sources  of  Animal  Heat.  Apart  from  heat  received 
from  its  surroiin dings  in  hot  food  and  drink  the  sources  of 
heat  in  the  Body  are  twofold — direct  and  indirect.  Heat  is 
directly  prod  need  wherever  oxidation  is  taking  place;  and, 
«iiice  almost  invariably  the  chemically  degrading  or  katabolic 
processes  going  on  in  a  living  organ  exceed  the  anabolic,  the 
diving  tissues  at  rest  produce  heat  as  one  result  of  thechernic^d 
-changes  sup[dying  them  with  energy  for  the  maintenance  of 
their  vitality:  and  whenever  an  organ  is  active  and  it^cliemi-v 
cal  metamorphoses  are  increased  it  becomes  hotter:  a"3<gr^n?t' 
ing  gland  or  a  cont ract i ng  ni u ne le  is  w tinner  than  a  resting 
one,  and  the  vnnouR  hhiod  Te.aYing;  nnt.ir.Rahty  warmf^r  than 
the  jixkxiiiLaUpplied  to  it.  Indirectly,  heat  is  developed 
"within  the  Body  by  the  trans  for  ma  tioii  of  other  forms  of  en^ 
©rgy:  maitvly  (liechanieaT'iWork.  but  also  of  electricity.  All 
movements  of  pitrtR  tsf  the  Body  which  do  not  move  it  in 
space  or  move  extennvl  ol»ject8,  are  transformed  into  heat 
within  it:  and  the  energy  they  represent  is  lost  in  that  form. 
Every  cardiac  contraction  sets  tlie  blood  in  movement,  and 
this  motion  in  for  the  nmst  part  turned  into  heat  within  the 
Body  by  Jri  ctjon  wit  hi  n  the  blood-vessels.  The  same  trans- 
formation of  energy  occurs  with  respect  to  the  movements  of 
the  alimentary  canal,  except  in  so  far  as  they  expel  matters 
from  t!ie  Body;  and  every  muscle  in  contracting  has  part  of 
the  mechanical  energy  expended  by  it  turned  into  heat  by 
friction  against  neighboriug  parts.  Similarly  the  movements 
of  cilia  and  of  ama«boid  cells  are  for  the  most  part  converted 
in  the  Body  into  heat,  Tbejajig^des  and  nerves  are  also  the 
w&sM  of  manifestations  offelectricity^ywhich,  though  small  in 
timount,  for  the  most  part'^du  nOtT^^e  the  Body  in  that  form 
^nt  are  first  converted  into  heat. 
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The  Energy  Lost  by  the  Body  in  Twenty-four  Houra 

Practically  q»eakiiig,  the  Boily  only  lo^ea  energy  in  two 
forms;  m  heat  and  mechanicrtvork :  by  applying  coiidncu 
ora  to  ill tTt^ rent  parts  ol  its  suffaee  small  amounts  of  elec- 
tricity can  be  carried  off,  but  the  amount  is  quite  trivml  in 
comparison  with  tlie  total  daily  energy  expenditure.     Darin' 

^"TBtffiiplete  reatl  that  is,  when  no  more  work  is  done  than  that 
necessary  for  the  maintenance  of  life,  nearly  all  the  loss  takes 
the  fnrrii  of  heat.  The  absolute  amount  of  this  will  vary 
with  the  surrounding  temperature  and  other  conditions,  but 
on  an  average  a  man  loses?,  daring  a  day  of  restj^^IfllLcaluo^a ; 
.  that  is  enough  to  ntise  "^700  kilograms  (5940  lbs,)  of  water 
'  from  0''  to  r  C.  (from  3*2^  to  33  8°  F.);  otherwise  expressed, 
this  anion  nt  of  heat  woo  Id  boil  *27  kilos  (rrf>.4  lbs.)  of  ice-cold 
water.  This  does  not  quite  represent  all  the  energy  lost  by 
the  Body  in  that  time:  since  a  small  proportion  is  loRt  m 
mechanical  work  iij  moving  the  clotlies  and  air  by  the  respir- 
atory  movements,  and  even  by  the  bent  of  the  lie^irt,  which  it 
each  systole  pushes  out  the  chest-wall  a  little  and  moves  the 

tilings  in  contact  with  it.     TheiWorETnglBody  liberates  an 

loses  much  more  energ}^;  part  icMfTecfmmcal  work  done  on 
external  objects,  part  as  increased  heat  radiated  or  conducted 
from  the  surface,  or  carried  off  by  the  expired  air  in  the 
quickened  respirations.  Every  one  knows  that  he  fegj^ 
warmer  when  he  takes  exercise,  and  this  is  due  to  the  greater 
amount  of  blood  tlien  carried  to  the  skin  and  raising  for  the 
time  its  temperature.  The  general  tciuiM  rature  of  the  Body 
as  measured  in  the  mouth  is  not  at  all  or  only  very  slightly 
raised,  however,  Jis  the  greater  loss  of  heat  from  the  skin  keeps 
the  average  temperature  of  the  blood  at  its  normal  level.  This 
greater  loss  corresponding  to  the  greater  production  has  been 
measured  on  persons  enclosed  in  specially  constructed  calori- 
meters; and  though  there  are  considerable  difficulties  in  the 
way  of  getting  quite  accurate  results,  the  measurements  show 
that  the  heat  produced  and  lost  in  a  day  of  moderate  work  is 
about  one*  tliinl  <rn^riter  than  that  in  a  day  of  rest,  Tlie  fol- 
lowing tall-    LI  v-  n  II  ire  definite  numbers: 


no 
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The  mechanical  work  done  on  the  working  day  represeoted 
in  additiun  an  expeoditure  of  energ}'  of  213.344  kilogram- 
meters,  which  is  tJ^uid  to  502  calories.  Oi  ilit*  useesg  iieat  m^ 
thejtflajdng  day,  purt  is  directly  produced  by  the  increased 
jfiBeflUgfil  tihanges  in  the  qiucker  working  \vx\v\  and  respira- 
tory muscles,  and  the  other  aiiLsiJjL"^  ^«'t  :it  v\i.rlv^_iihile  part 
is  indirectly  due  to  heut  arising  from  increased  frictioi]  in  the 
hlofuUtfCRKRls  m  the  blood  is  driven  faster  aroujTifHiem,  and 
to  friction  of  the  various  mnsclea  used.  The  average  cardiac 
work  in  tweiUy-four  hours  is  about  00,000  kilograin meters; 
thiit  of  the  respfratory  mnBclea  about  14,000;  and  since  nearly 
all  of  both  is  turned  finally  into  heat  within  the  Hody,  we 
have  74,000  kilogram  meters  of  energy  answering  to  about  ^XA 
^i^lfiPfifl  (Q^Sjj  f jih-lb.  units)  indirectly  produced  in  the  rest- 
ing Body  daily  from  these  sources. 

Of  100  parts  of  heat  lost  from  the  resting  Body,  about 
74.7  are  carried  off  in  radiation  or  conduction  from  the  skin. 
14,5  are  carried  off  in  evaporation  from  the  skin. 

5,4   "        "         "  "  **        "    hmgs. 

3.6   "        "         "      expired  air. 

1.8  "        "         "     the  excretions. 
In  a  day  of  average  work,  of  every  100  parts  of  energy  lost 
in  any  form  from  the  Body — 

1-2  go  as  heat  in  the  excreta. 

3-4  in  heating  the  expired  air. 
20-30  in  evaporating  water  from  the  liingR  and  skin. 
CO-75  in  heat  radiated  or  conducted  from  the  snrfaces  and  in 
external  mechanical  work. 
It  ia  obvious,  however,  that  such  nnnibera  are  only  rough 
approximations  and  must  vary  greatly  with  the  temperature 
and  moisture  of  the  surrounding  air,  the  rate  of  respiration, 
and  other  circumstances. 

The  Superiority  of  the  Body  aa  a  Working  Machine. 
Ourintr  eight  honrs  of  work  we  find  {see  table)  the  Body 
loses  21(i9.6  calories  of  er^ergy  as  heat,  and  can  do  simul- 
taneously work  ef|uivalent  to  502  calories.  So  of  all  tlie 
energy  lost  from  it  in  that  time  about  \  mw^*  take  the  form  of 
mechanical  work ;  this  is  a  very  larfje  proportion  of  the  total 
energy  expended,  being  a  much  higher  percentage  than  that 
given  by  ordinary  machines.  The  best  ^te!|]ji;fifl^es  can 
QtilizG  as  mechanical  work  only  about  j, of  the  total  energy 
liberaied  in  them  and  lost  from  them  :n  rgivelV  HfhA,  the 
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reniaiDiler  is  tranamitted  directly  as  heat  to  the  exterior,  and 
is  lost  to  the  engine  for  all  useful  purpoeeg. 

The  MaintenancG  of  an  Average  Temperature.  This  is 
necessary  fur  the  eontiiuiaiice  of  the  life  of  a  warm-blooded 
animal;  shoiiUi  the  tempemture  rise  above  certain  liniita 
chemical  changes,  incompatible  with  life,  occur  in  the  tissues; 
for  exjuniile  at  iibont  4i>'  C.  (Jgii^  V  \  the  THIIfrlrrt  l><igili  to 
become  ji^iiL  ihx  the  other  hand,djyjiii  eneues  if  the  Body 
be  cooled  down  to  about  19*"  C.  (66^jl4*  Hence  the  need 
of  means  for  getting  rid  of  excess  heat,  atid  of  protection 
from  excegJiive  cooling.  Either  end  may  be  gained  in  two 
ways:  by  altering  the  rate  at  which  heat  ia  lof t  or  that  at 
which  it  18  produced.  Afl  regards <^at-l^^y  far  the  most 
important  regulating  organ  is  the  sEiW :  finder  ordinary  cir- 
cumstances nearly  *J0  per  cent  of  theTotal  heat  given  off  from 
the  Hody  in  l\  hours  goes  by  the  skin  (T:i  bv  radiation  and 
condnetion,  14.5  by  evaporation),  Tlns(los8\maj  be  oon- 
trolled — 

L  By  chihinff  ;  we  naturally  wear  more  in  cold  and  len 
in  warm  w^eathcr;  the  oflTect  of  clothes  being,  of  course,  not 
to  warm  the  Body  but  to  diminish  the  rate  at  which  the  heat 
produced  in  it  is  lost. 

2.  Ificreaaed  temperature  of  the  siirronndinpr  mfrdinm  in- 
creasesTjje  activity^The  heart  and  lungs!  A  hastened  cir- 
culation  by  itself  does  not,  as  already  pointed  out  (C'liap. 
XXVI),  increase  the  general  tissue  activity  of  the  Body,  or 
the  oxidations  occurring  in  it,  and  so,  apart  from  the  harder- 
working  heart  itself,  duos  not  influence  the  amount  of  heat 
liberated  in  the  UoAy  during  a  given  time:  but  the  more  rapid 

b] l-flf>u  (hrMn-li  iUv  >k\n  carries  more  of  that  fluid  through 

tliiw  roril  -1] I  face  in  fitch  minute  and  in  that  way  increaaeg 
the  lo>-  o]  jtrat.  The  i|nickeoed  respirations,  too,  increase  the 
evaporation  of  water  from  the  lungs  atid,  thus,  the  loss  of  heat, 

3.  Warmth,  mainly  through  reflex  v aso- mo ter  actions  leads 
to  dilatation  of  the  ekin-vessek  and  cohl  to  contraction.  In 
a  warm  room  the  vessels  on  the  siiirface  ^lilate  as  shown  by  its 
redness,  while  in  a  cold  atmosphere  they  contract  and  the 
skin  becomes  pale.  But  the  more  blood  that  flows  throngh 
the  skin  the  greater  will  be  the  heat  lost  from  the  sirrfac^ — 
and  mre  rfrsa. 

4.  Heat  induces  sweating  and  cold  cheeks  it;  the  heat 
appears  to  act,  partly,  rc'fexly  through   afTerent  cutaneous 
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nerve  fibres  exciting  the  svveat-centrea  from  wliich  the 
secretory  nerves  for  tLemuIori parous  gliiiitls  arise  aud,  partly^ 
dJxecUy  on  ttose  centres,  i\&  they  aru  thrown  into  aetivitj,  at 
leiist  in  health,  as  soon  as  the  tempeniture  of  the^blood  flow-  - 
iiig  tliTo^gJi  tlau  spinal  cord  is  raiseiL  In  fever  of  course  we 
mayTiave  a  high  temperature  with  a  dry  non-B wealing  §kin* 
The  more  there  ia  sweat  poiircil  out,  the  more  heat  is  used 
up  in  evaporating  it  and  the  more  tlie  Body  u  cooled, 

5.  Our  sensations  induce  us  to  add  to  or  diminish  the 
heat  in  the  Body  according  to  circumstances;  as  by  cold  or 
warm  baths,  and  iced  or  hoi  drinks. 

As  regards  teniperatnre'reguiation  by  modifying  the  rate 
of  heart  production  in  the  Body,  the  following  points  may  be 
noted  \  on  the  whole,  such  regulation  is  far  less  important 
than  that  brou^dit  about  by  clianges  in  the  rate  of  loss,  since 
the  necessary  vital  work  of  tlie  Body  always  necessitates  the 
continuance  of  oxitlative  processes  which  liberate  a  tolerably 
hirgo  f|uaivtiiy  of  heat.  The  Body  cannot  therefore  be  cooled 
by  dimiiushing  such  oxidations;  nor,  on  the  other  hand,  can 
it  be  safely  warmed  In  l;ir;rcly  increasing  them,  f^till,  within 
certain  limits,  the  l^at  prodoctjtm  may  be  controlled  in 
several  ways  :  ^^  ^'"^ 

1.  Gold  increases  hunger;  and  increased  ingestion  of 
food  increases  bodily  oxidation,  as  shown  by  the  greater 
amount  of  carbon  dioxide  excreted  in  the  hours  succeeding 
a  meal.  Tins  increase  is  probably  due  to  the  activity  into 
wdiioh  the  digestjve  organs  and  such  metabolic  organs  as  the 
JiltfiC- are  thrown  ;  hepatic>vein  blood  is  about  one  degree  cen* 
tigrade  (nearly  two  deyrees  I^alirenhelti  warmer  tHati  nortiJ* 
Tein  blood,  and  during  digestion  much  more  blood  flow» 
through  the  liver. 

1.  Cold  inclines  us  to  Yoluntarv  exercise :  warmth  to 
muscular  idleness;  and  the  more  the  muscles  are  worked  the 
more  heat  is  produced  in  tlie  Body. 

3.  Cold  tends  to  produce  involuntary  mnacul^  move- 
ments, and  so  increased  heat  production ;  as  chattering  of 
the  teeth  and  shivejing. 

4.  Cold  applied  to  the  skin  increaeeB  the  bodily  p^ftml^jil 
metamyrphoseg  and  iieat  production.  At  least  the  tem- 
perature in  the  armpit  rises  at  first  on  entering  a  cold  bath, 
though  the  heat  carried  off  from  the  surface  soon  over- 
balances its  increased  jiroduction.     The  phenomenon  may, 
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\0mmm,  bt  tspWiMd  in  SMCkr  wmj,  tbe  rifle  beoig 
tribntei  to  a  i«4d«  dimmstiim  of  kwi  from  more 
psrU  af  Ibe  Akfai,  dtydeaf  00  contneim  of  Um  o 
«rt«Tkc  In  KMMCiiiOpWveTerttliotniiioffsrT  rite  i 
pMtM  bj  n  tocreaoed  excfttioii  of  csHmmi  dtoxide*  which 
wonld  iwiksta  tittt  the  «rrfiiee  eooting  doei  reallj  in^creaie 
lh«  ondstiom  of  tlio  Body. 

%,  OrUin  dfugi,  sf^  wJicylic  add,  and  perhapc  Qoinme. 
Jlliililih  the  heal  i)frodtt<^Sttor  the  BodT.  Their  mode  of 
iaetiofi  if  iiill  oiMRoie^ 

On  the  whole,  however,  the  direct  heat-regnlating  mech 
miUmii  of  the  Ho  man   Body  itaelf  are    »ot  Terr  efficietiu 
eepociaily  ai   protections    agaimt  exoemiTe   coolhig.      Man 
lioedi  to  fupplement  them  by  the  use  of  clothing,  fuel,  and 
eserc^iae. 

Loeal  Temperatorea.  Althongh,  by  the  means  above 
deacrihed,  a  wonrierfuUy  nniform  bodily  temperatore  ia 
maintained,  and  by  tbe  circulatiug  blood  all  parta  are  kept 
at  nearly  the  same  warmtb,  variations  in  both  reepecta  do 
occur*  The  arrangementa  for  equalization  are  not  by  any 
nieaiiii  fully  (*fTicient,  Eitemal  parta,  as  tbe  alcin,  the  langa 
(which  are  rually  external  in  the  sense  of  being  in  contact 
with  the  airj,  the  mouth,  and  the  nose  chambers,  are  always 
000[er  than  internal;  and  even  ftll^  paru  of  tbe  skin  hav^  not 
the  aanie  temiierature,  such  hollows  as  the  armpit  being 
warmer  than  more  exposed  regions.  On  the  other  band,  a 
aecretinjr  gland  or  a  working  muscle  becomes  warmer,  for 
the  timit,  thiin  tlie  re«t  of  the  Body,  because  more  heat  ia 
]iln*mt(^il  in  it  than  ih  carried  off  by  the  blood  fluwiDg 
til  roil  jLfli.  In  Hurh  orgiiiis  the  venous  blood  leaTing  is  warmer 
Mhui  IIm'  nrlrrifti  fuimiiig  to  them;  while  the  reverse  is  the 
caae  with  [mrt8,  like  tljo  akin,  in  which  the  blood  is  cooled. 
An  organ  colder  than  the  blood  is  of  course  warmed  by  an 
iiicrenHo  in  its  circuktidiK  as  seen  in  the  local  rise  of  temper- 
Vkixwi"^  \\\  flm  iikin  of  the  face  in  blushing. 

Thormogonic  Nerves.  All  nerves,  such  as  motor  or 
aaorotory,  wlueh  can  tlirow  working  tissues  into  activity  are 
in  a  certain  sense  thermogenic  uerves,  since  they  excite  in- 
oreaied  oxidation  and  lieat  production  in  the  parts  nnder 
their  rioutrol,  A  true,  purely  thermogenic  nerve  would  be 
one  wliicli  increased  the  heat  production  in  a  tissue  without 
otherwise  throwing  it  into  activity;   and  whether  such  exist 
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is  Btil!  undecided.  Certain  phenomena  of  disease,  however, 
seem  to  render  their  existence  probable,  if  we  return  for  a 
moment  to  our  former  compiirieon  of  the  working  Body  to 
a  steam-engine,  such  nerves  might  be  regarded  as  agencies 
increasing  its  rate  of  rusting  without  setting  it  at  work. 
The  oxidation  of  the  iron  would  develop  some  lieat,  but  by 
processes  useleSB  to  the  steam-engine,  although  such  are,  in 
moderation,  essential  to  living  cells;  the  vitality  of  these, 
even  when  they  rest,  seems  to  necessitate  a  constant,  if  small, 
breaking  down  of  their  substance.  In  an  amieboid  cell  no 
doubt  such  processes  occur  quite  independently  of  the  ner- 
vous system;  out  in  more  differentiated  tissues  they  may  be 
controlled  by  it.  Just  as  a  muscle  does  not  normally  con- 
tract unless  excited  through  its  nerve,  although  a  white 
bIood-corpU8cle  does,  so  may  the  natural  nutritive  processes 
of  the  muscle-libre  in  its  resting  condition  be  dependent  on 
the  nerves  going  to  it  If  these  be  abnormally  excited  the 
muscle  will  break  down  its  protoplasm  fitster  than  it  con- 
structs it,  and  consequently  waste;  at  the  same  time  the 
increased  chemical  degradation  of  its  substance  will  elevate 
its  temperature.  FjaJilil^comlitious,  in  which  mai\yJis&aes 
wa§t§j  without  any  unusual  manifestation  of  their  normal 
physiological  activity,  would  tlioe  be  readily  accounted  for 
as  due  to  superexcitation  of  the  thermogenic  nerves  and 
nerve-centre.  "^"*^     ^-^— i^— ^ 

The  condition  of /<?i^r  or ^yrcjaz.  His  an  abnormally  high 
temi)erature  is  named,  could  conceivably  be  brought  about  by 
increased  heat  production,  decvr:t<t^l  heat  loss,  or  both;  or 
by  a  greater  increase  of  productir^fj  ihsni  of  loss.  Direct  ex- 
periments on  animals  prove  that  there  is  always  increased 
production  of  heat,  in  febrile  disoases.  This  is  shown  by  the 
fact  that  the  animal  uses  more  oxygen  and  gives  off  more 
carbon  ilioxide  in  a  given  time  than  when  in  health.  It  also 
usually  gives  off  more  heat,  but  not  enough  to  compensate  for 
the  increase  of  oxidative  processes  going  on  in  Us  body,  and 
so  its  temperature  rises.  The  regulating  mechauif^m  which 
m  healrh  keeps  heat  production  and  heat  dii^sipation  propor- 
tionate is  out  of  gear.  As  regards  the  increased  heat  formation 
in  pyrexial  conditions,  tliere  is  some  reason  to  believe  that  it 
is  usually  due  to  excitation  bj  porbid  produrt^nf  thermogenio 
centres  lying  in  the  corpora  striata  or  optic  thalami.  Fnck- 
ing  those  regions  of  the  brain  of  an  animal  causes  greatly  in* 
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oreased  heat  formation  in  its  body.  Thia  has  been  interpreted 
either  as  due  to  the  excitation  of  thermogenic  nerve-centrea 
which  then  stir  up  increased  katabolisms  in  the  tissuea  or  to 
injury  and  paralysis  of  inhibitory  centres  which  nomudly 
hold  tisane  metaMlUWUI  lycKecE.  'TEe'fact  that  a  aimilar 
result  may  be  obtained  1by  electrical  stimulation  of  this  region 
of  the  brain  is  in  favor  of  the  excitation  theory^  but  the  possi- 
bility of  the  existence  also  of  febrile  paralysis  of  nerre-isella 
which  normally  inhibit  a  heat-production  centre  shonld  be 
borne  in  mind. 

Clothing.  While  the  majority  of  other  warm-blooded 
animals  have  coats  of  their  own,  formed  of  hairs  or  feathers^ 
OTcr  most  of  man's  Body  his  capillary  coating  is  merely  rudi- 
mentary and  has  lost  nearly  all  physiological  importance  as  a 
protection  from  cold;  except  in  tropical  regions  he  has  to 
protect  himself  by  artificial  garments,  which  his  aesthetic 
sense  has  led  him  to  utilize  also  for  purposes  of  adornment. 
Here,  however,  we  must  confine  ourselves  to  clothes  from  a 
physiological  point  of  view.  In  civilized  societies  every  one 
is  required  to  cover  most  of  his  Body  with  something,  and 
the  question  is  what  is  the  best  covering;  the  answer  will 
vary,  of  course,  with  the  climatic  conditions  of  the  country 
dwelt  in.  In  warm  countries,  clothing,  in  general  terms, 
should  allow  free  radiation  or  conduction  of  heat  from  the 
surface;  in  cold  it  should  do  the  reverse;  and  in  temperate 
climates,  with  varying  temperatures,  it  should  vary  with  the 
season.  If  the  surface  of  the  Boiiy  be  exposed  so  that  cur- 
rents of  air  can  freely  traverse  it  much  more  heat  will  be 
carried  off  (under  those  usual  conditions  in  which  the  air  is 
cooler  than  the  skin)  than  if  a  stationary  layer  of  air  be  main- 
tained in  contact  with  the  surface.  As  every  one  knows,  a 
"draught  "  cools  much  faster  than  air  of  the  same  tempera- 
ture not  in  motion.  All  clothing,  therefore,  tends  to  keep 
up  the  temperature  of  the  Body  by  checking  the  renewal  of 
the  layer  of  air  in  contact  with  it.  Apart  from  this,  how- 
ever, clothes  fall  into  two  great  groups:  those  which  are 
good,  and  those  which  are  bad,  conductors  of  heat.  The 
former  allow  changes  in  the  external  temperature  to  cool  or 
heat  rapidly  the  air  stratum  in  actual  contact  with  the  Body, 
while  the  latter  only  permit  these  changes  to  act  more  slowly. 
Of  the  materials  used  for  clothes,  linen  is  a  good  conductor; 
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CHAPTER  XXXI. 
SENSATION  AND  SENBE^BOANS. 

The  Sul^eotiye  Funotioiis  of  the  Nerrotui  SyBtem. 
Ohanges  in  many  parte  of  our  Bodies  are  accompanied  or 
followed  by  those  states  of  consciousness  which  we  call  sen^ 
Motions.  All  such  sensitiTe  parte  are  in  connection,  direct 
or  indirect,  with  the  brain,  by  certain  afferent  nerve-fibree 
called  sensory.  Since  all  feeling  is  lost  in  any  region  of  the 
Body  when  this  connecting  path  is  severed,  it  is  clear  that 
all  sensations,  whatever  their  primary  exciting  cause,  are 
finally  dependent  on  conditions  of  the  central  nervous  system. 
Hitherto  we  have  studied  this  as  ite  activities  are  revealed 
through  movemente  which  it  excites  or  prevente;  we  have 
seen  it,  directly  or  reflexly,  cause  muscles  to  contract,  glands 
to  secrete,  or  the  pulsations  of  the  heart  to  cease;  we  have 
viewed  it  ohjeciivehf,  as  a  motion-regulating  apparatus.  Now 
we  have  to  turn  to  another  side  and  consider  it  (or  parts  of 
it)  as  influencing  the  states  of  consciousness  of  its  possessor: 
this  study  of  the  subjective  activities  of  the  nervous  system  is 
one  of  much  greater  difficulty. 

It  may  be  objected  that  considerations  concerning  states 
of  feeling  have  no  proper  place  m  a  treatise  on  Anatomy 
and  Physiology;  that,  since  we  cannot  form  the  beginning 
of  a  conception  how  a  certain  state  of  the  nervous  system 
causes  the  feeling  redness,  another  the  feeling  blueness,  and 
a  third  the  emotion  anger,  all  examination  of  mental  phe- 
nomena should  be  excluded  from  the  sciences  dealing  with 
the  structure  and  properties  of  living  things.  But,  although 
we  cannot  imagine  how  a  nervous  state  (neurosis)  gives  rise 
to  a  conscious  state  (psychosis)^  we  do  know  this,  that  dis- 
tinct phenomena  of  consciousness  never  come  under  our 
observation  apart  from  a  nervous  system,  and  so  are  pre- 
sumably, in  some  way,  endowments  of  it;  we  are,  therefore, 
justified  in  calling  them  properties  of  the  nervous  system; 
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and  their  examinatioH,  especially  with  respect  to  what  nerve- 
parts  are  concerneil  with  different  mental  states,  and  what 
chiinges  in  the  foriner  are  associated  with  given  phenomeHa 
in  the  hitter,  forms  properly  a  part  of  Physiology,  Whether 
musses  of  protoplasm,  before  the  dilfereiitiation  of  definite 
nerve-tissues,  possess  some  ill-defined  sort  of  conscionsiiess, 
as  they  possess  an  indefinite  cuntractility  before  they  have 
been  modified  into  nnigcnlHr  fibres,  may  for  the  present  b© 
left  tnulecided:  though  those  who  aecept  the  doctrine  of 
evolution  wdl  be  inclined  to  assent  to  the  proposition* 

While,  however,  the  physiologist  has  a  right  to  be  heard 
on  tjuestiuTjs  relating  to  our  mental  faculties,  it  is  ueverthe- 
less  true  that  many  laws  of  thought  have  l>een  established 
concerning  which  our  present  knowledge  of  the  laws  of  the 
nervous  system  gives  tis  no  cine;  the  science  of  Psyehology 
has  thus  a  well-founded  claim  to  an  independent  existence. 
But,  in  so  far  as  its  results  are  confined  merely  to  the  succea* 
siona  and  connections  of  mental  states,  as  established  by 
observation,  they  are  merely  descriptions,  and  not  exiilana- 
tions  in  a  seientific  sense:  we  know  that  so  many  mental  jihe- 
nomeua  have  necessary  material  antecedents  and  concomi- 
tants in  nervous  changes,  that  we  are  justified  in  helieving 
that  all  have  such,  and  in  continuing  to  seek  for  them.  We 
do  not  know  at  all  how  an  electric  current  sent  round  a  bar 
of  soft  iron  makes  it  magnetic;  we  only  know  that  the  one 
change  is  accompanied  by  the  other;  but  we  say  w*e  have 
explained  the  magnetism  of  a  piece  of  iron  if  we  have  found 
an  electric  current  circulating  around  it.  Similarly,  we  do 
not  know  how  a  nervous  change  causes  a  mental  state,  but 
we  have  not  explained  the  mental  state  until  we  nave  found 
the  nervous  state  associated  with  it  and  how  that  nervous 
state  was  produced. 

As  yet  it  is  only  with  respect  to  some  of  the  simplest 
states  of  consciousness  that  we  know  much  of  the  necessary 
physiological  antecedents,  and  among  these  our  sensations 
are  the  best  investigated*  As  regards  such  mental  phenom- 
ena as  the  Association  of  Ideas  and  Memory,  physiology 
can  give  us  some  light;  but  so  far  as  others,  such  as  the  Will 
and  the  Emotions,  are  concerned,  it  has  at  present  little  to 
offer.  The  phenomena  of  Sensation,  therefore,  occupy  at 
present  a  much  larger  portion  of  physiological  works  than 
all  other  mental  facts  put  together. 
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Oommon  Senaation  and  Organs  of  Special  Senae.      A 
•enaory  nerve  is  one  which,  when  stimulated,  arouses,  or  may 
arouse,  a  semation  in  its  possessor.    The  stimulant  is  in  all 
cases  some  form  of  motion,  molar  (e.g.,  mechanical  pressure) 
or  molecular  (as  ethereal  vibrations  or  chemical  changes). 
Since  all  our  nerves  lie  within  our  Bodies  as  circumscribed 
by  the  skin,  and  are  excited  within  them,  one  might  a  pnort 
be  inclined  to  suppose  that  the  cause  of  all  sensations  would 
appear  to  be  within  our  Bodies  themselves;  that  the  thing 
feli  would  be  a  modified  portion  of  the  feeler.    This  is  the 
case  with  regard  to  many  sensations;  a  headache,  toothache, 
or  earache  gives  us  no  idea  of  any  external  object;  it  merely 
suggests  to  each  of  us  a  particular  state  of  a  sensitive  portion 
of  myself .    As  regards  many  sensations,  however,  this  is  not 
so;  they  suggest  to  us  external  causes,  to  properties  of  which, 
and  not  to  states  of  our  Bodies,  we  ascribe  them;  and  so  they 
lead  us  to  the  conception  of  an  external  universe.    A  knife 
laid -on  the  skin  produces  changes  in  it  which  lead  us  to 
think  not  of  a  state  of  our  skin,  but  of  states  of  some  object 
outside  the  skin;  we  believe  we  feel  a  cold  heavy  hard  thing 
in  contact  with  it.    Nevertheless  we  have  no  sensory  nerves 
going  into  the  knife  and  informing  us  directly  of  its  condi- 
tion; what  we  really  feel  are  the  modifications  of  our  Body 
produced  by  it,  although  we  irresistibly  think  of  them  as 
properties  of  the  knife — of  some  object  that  is  no  part  of  the 
Body,  and  not  of  them  as  states  of  the  latter.     Let  now  the 
knife  cut  through  the  skin;  we  feel  no  more  kmfey  but  ex- 
perience ^wjw,  which  we  think  of  as  a  condition  of  ourselves. 
We  do  not  say  the  knife  is  painful,  but  that  our  finger  is,  and 
yet  we  have,  so  far  as  sensation  goes,  as  much  reason  to  call 
the  knife  painful  as  cold.    Applied  one   way  it  produced 
local  changes  arousing  a  sensation  of  cold,  and  in  another 
local  changes  causing  a  sensation  of  pain.     Nevertheless  in 
the  one  case  we  speak  of  the  cold  as  being  in  the  knife,  and 
in  the  other  of  the  pain  as  being  in  the  finger. 

Sensitive  parts,  such  as  the  surface  of  the  skin,  through 
which  we  get,  or  believe  we  get,  information  about  outer 
things,  are  of  far  more  intellectual  value  to  us  than  sensitive 
parts,  such  as  the  subcutaneous  tissue  into  which  the  knife 
may  cut,  which  give  us  only  sensations  referred  to  conditions 
of  our  Bodies.    The  former  are  called  Sense-organs  proper, 
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or  Organs  of  SpecUtl  Sense  ;  the  latter  are  sensiiim  parts, 
QT  Organs  of  Cummon  Sens  a  f  ion. 

The  Peripheral  Reference  of  our  SensatioQS.  The  fact 
tliat  we  rt'fer  cortmii  seiisutiniis  to  external  causes  is  only 
one  case  of  a  more  general  litw,  in  accordance  with  which 
we  do  not  ascribe  onr  sensations,  as  regards  their  locality,  to 
the  brain,  where  the  nenrosis  is  acconjpanied  by  the  sensa- 
tion, but  to  a  peripheral  part.  With  rci^pect  to  tbe  braiu, 
other  parts  of  tlie  Body  are  external  objects  jis  much  as  the 
rest  of  the  nuiterial  universe,  yet  we  locate  the  majority  of 
our  common  sensation  a  at  the  places  where  the  sensory 
nerves  concerned  are  irritated,  and  not  in  the  l)rain.  Even 
if  a  nerve-trunk  be  stimulated  in  the  middle  of  its  course, 
we  refer  the  resulting  sensation  to  its  outer  endings.  A  blow 
on  the  inside  of  the  elbow-joint,  injuring  tlie  ulnar  nerve, 
produces  not  only  a  local  |>ain,  but  a  sense  of  tirtgling 
ascribed  to  the  fitigerij  to  which  the  ends  of  the  fibres  go. 
Persons  with  amputated  limbs  have  feelings  in  their  fingers 
and  toes  long  after  they  have  been  lost,  if  the  nerve-trunks 
in  the  stnnq)  be  irritated.  To  exjdain  such  facta  we  must 
trench  on  tbe  ground  of  Psychology,  and  so  they  cannot  be 
fully  discussed  here;  but  they  are  commonly  ascriljed  to  the 
results  of  exiierience.  The  events  of  life  have  taught  us  that 
in  the  great  majority  of  instances  the  sensory  impulses  wdiicli 
excite  a  given  tactile  sensation,  for  example,  have  acted  upon 
the  tip  of  a  finger,  Tlie  sensation  goes  when  tbe  finger  is 
removed,  and  returns  when  it  is  replaced;  and  the  eye  con- 
firms the  contact  of  the  external  object  with  the  finger  tip 
wlien  we  get  the  tactile  sensation  in  question.  We  thus 
come  firmly  to  associate  a  particular  region  of  the  skin  with 
a  given  sensation,  and  whenever  afterwards  the  nerve-fibres 
coming  from  tlie  finger  are  stimulated,  no  matter  where  in 
their  course,  wo  ascribe  the  origin  of  the  sensation  to  some 
thing  acting  on  the  fingertip. 

The  BiSbrBnees  between  Sensationfl.  In  both  groups 
of  sensations,  those  derived  through  organs  of  special  sense 
and  those  due  to  organs  of  common  sensation,  we  distinguish 
kinds  which  are  absohitely  distinct  for  our  consciousness, 
and  not  comparable  mentally.  W^e  can  never  get  confused 
between  a  siglit,  a  sound,  and  a  touch,  nor  between  pain, 
hunger,  and  nausea;  nor  can  we  compare  them  with  one 
another:   each  is  sui  generis.     The  fundamental  difference 
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wbioh  thus  aeparateB  one  Bensation  from   another   is    its 
modaliig.    Sensations  of  the  same  modality  may  differ;   bnt 
they  shade  imperceptibly  into  one  another,  and  are  com- 
parable between  themselves  in  two  ways.    First,  as  regards 
quality:  while  a  high  and  a  low  pitched  note  are   both 
auditory  sensations,  they  are  nevertheless  different  and  yet 
intelligibly  comparable;  and  so  are  blue,  pnrple,  and  red  ob- 
jects.   In  the  second  place,  sensations  of  the  same  modality  are 
distinguishable  and  comparable  as  to  amount  or  intensity:  we 
readily  recognize  and  compare  a  loud  and  a  weak  sound  of 
the  same  pitch;  a  bright  and  feeble  light  of  the  same  color; 
an  acute  and  a  slight  pain  of  the  same  general  character. 
Our  sensations  thus  differ  in  the  three  aspects  of  modality^ 
quality  within  the  same  modality^  and  intensity.    Certain 
sensations  also  differ  in  what  is  known  as  the  "  local  signs/* 
a  difference  by  which  we  tell  a  touch  on  one  part  of  the  skin 
from  a  similar  touch  on  another;  or  an  object  exciting  one 
part  of  the  eye  from  an  object  like  it,  but  in  a  different  loca- 
tion  in  space  and  exciting  another  part  of  the  visual  surface. 
As  regards  modality,  we  commonly  distinguish  five  senses, 
those  of  sight,  sound,  touch,  taste,  and  smell;  to  these,  tem- 
perature must  be  added.    The  varieties  of  common  sensation 
are  also  several;   for  example,  pain,  hunger,  satiety,  thirst, 
nausea,  malaise,  bien  etre  ("  feeling  good ''),  fatigue.     The 
muscular  sense  stands  on    the  intermediate  line  between 
special  and  common  sensations;  we  gather  by  it  how  much 
our  various  muscles  are  contracted:  and  so  learn  the  position 
of  various  parts  of  the  Body,  on  the  one  hand,  and  the  re- 
sistance opposed  to  bodily  movement  by  external  objects,  on 
the  other.    In  fact,  we  cannot  draw  a  sharp  line  between  the 
special  senses  and  common  sensations :  all  the  Body,  we  con- 
clude from  observations  on  the  lower  animals,  is,  at  an  early 
stage  of  its  development,  sensitive;  very  soon  its  cells  sepa- 
rate themselves  into  an  outer  layer  exposed  to  the  action  of 
external  forces  and  an  inner  layer  protected  from  them :  and 
some  of  the  former  cells  become  especially  smnfive.    From 
them,  as  development  proceeds,  some  are    separated   and 
buried  beneath  the  surface  to  become  the  brain  and  spinal 
cord;  of  those  which  remain  superficial,  some  are  modified 
so  that  they  (in  the  eye)  become  especially  excited  by  ethereal 
vibrations;  others  (in  the  ear)  become  especially  responsive 
to  sound   vibrations;  others  to  slight  chemical  changes  (in 
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mouth  and  nose),  and  others  {in  the  skin)  to  variations  in 
pressure  or  temperature. 

All  our  sensations  are  thus  modifications  of  one  common 
primary  sensibilitj,  represented  by  that  of  the  skin,  or  rather 
by  the  primitive  representative  of  the  skin  in  such  an  animal 
as  the  Hydra  (see  Zookigy)*  The  cutaneous  sensations,  being 
less  differentiated,  sJiade  off  more  readily  into  the  common 
sensibility  of  the  other  living  tissiiea  thim  do  the  activities  of 
the  highly  differentiated  cells  in  the  eye  ami  ear.  We  find, 
accordingly,  that  while  a  powerful  pressure  or  a  high  tem- 
peniiure  acting  on  the  skin  readily  arouses  a  sensation  of 
pain,  that  this  is  not  the  case  with  tire  more  specialized  visual 
and  auditory  organs.  Their  siiper-eicitemeiit  may  he  dis- 
agreeable, but  never  passes  into  pauu  in  the  ordinary  sense 
of  the  word*  Similarly  the  special  skin  sensation^!,  touch 
and  temperature,  may  sometimes  be  confounded,  while  a 
sound  and  a  sight  cannot  be  :  tlie  modality  of  the  less  modi- 
fied skin-senses  is  less  complete. 

The  study  of  comparative  anatomy  and  development 
shows  that  the  irritable  parts  of  our  sense-organs  are  but 
special  differentiations  of  the  prituary  external  layer  of  cells 
which  covered  the  Body  when  it  wms  very  youngt  Some  of 
tliese  cells  become  nerve  eud-ortraus  in  the  eye,  others  end- 
organs  in  the  ear,  and  so  on;  wliile  others,  less  changed,  re- 
nniin  in  the  skin  as  organs  of  touch  and  temperature;  and 
so,  from  a  general  exterior  surface  responding  ec|mi!ly  readily 
to  many  external  natural  forces,  we  get  a  surface  modified  so 
that  its  various  parts  respond  with  different  degrees  of  read- 
iness to  different  external  forces;  and  these  modified  parts 
constitute  the  essential  portions  of  our  organs  of  special  sense. 
Every  sense  organ  thus  comes  to  have  a  sjiecial  relationship  to 
some  one  natural  force  or  form  of  energy — is  a  speeijdly 
irritable  mechanism  by  which  such  a  force  is  enabled  to  excite 
sensory  nerves;  and  is,  moreover,  commonly  8Up|ilemented  by 
arrangements  which,  in  the  ordinary  circumstances  of  life, 
prevent  other  forces  from  stimulating  the  nerves  connected 
with  it.  Not  all  natural  forces  have  sense-organs  with  ref- 
erence to  them  developed  in  the  Human  Body;  for  example, 
we  have  no  organ  standing  to  electrical  changes  in  the  same 
relation  that  the  eye  does  to  light  or  the  ear  to  sound. 

Tha  Easential  Structure  of  a  Sense-organ.  In  every 
sense-organ  the  fiuulaniental  part  is  one  or  more  end'orgam. 
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which  are  highly  irritable  tissues  (p.  31),  so  constructed  and 
8o  placed  as  to  be  normally  acted  on  by  some  one  of  the 
modes  of  motion  met  M'ith  in  the  external  world.  A  sensory 
apparatus  requires  in  addition  at  least  a  brain-centre  and  a 
sensory  nerve-fibre  connecting  this  with  the  terminal  appa- 
ratus; but  one  commonly  finds  accessory  parts  added.  Id 
the  eye,  e.g.,  we  have  arrangements  for  bringing  to  a  focus 
the  light  rays  which  are  to  act  on  the  end  organs  of  the 
nerve-fibres;  and  in  the  ear  are  found  similar  subsidiary 
parts,  to  conduct  sonorous  vibrations  to  the  end  apparatus  of 
the  auditory  nerve. 

Seeing  and  hearing  are  the  two  most  specialized  senses; 
the  stimuli  usually  arousing  them  are  peculiar  and  quite  dis- 
tinct from  the  group  of  general  nerve  stimuli  (Chap.  XIII), 
while  those  most  frequently,  or  naturally,  acting  upon  our 
other  sense-organs  are  not  so  peculiar;  they  are  forces 
which  act  as  general  nerve  stimuli  when  directly  applied  to 
nerve-fibres.  The  end-organs,  however,  as  already  pointed 
out,  so  increase  the  sensitiveness  of  the  parts  containing 
them  that  degrees  of  change  in  the  exciting  forces,  which 
would  be  totally  unable  to  directly  stimulate  the  nerve-fibres, 
are  a))preriated.  These  terminal  apparatuses  are  therefore 
as  truly  mechanisms  enabling  changes,  which  would  not 
otherwise  stimulate  nerves,  to  excite  them,  iis  are  the  end- 
organs  in  tlie  eye  or  ear. 

The  Cause  of  the  Modality  of  our  Sensations.  Seeing 
that  the  external  forces  usually  exciting  our  different  sensa- 
tions (lilTer,  and  that  the  sensations  do  also,  we  might  at  first 
be  inclined  to  believe  that  the  latter  difference  depended  on 
the  former:  that  brightness  differed  from  loudness  because 
lifjht  was  different  from  sound.  In  other  words,  we  are  apt 
to  think  that  each  sensation  derives  its  specific  character 
from  some  property  of  its  external  pliysi(»al  antecedent,  and 
that  our  sensations  answ^er  in  some  way  to.  and  represent 
more  or  less  accurately,  properties  of  the  forms  of  energy 
arousing  them.  It  is.  however,  quite  easy  to  show  that  we 
have  no  sufficient  logical  warrant  for  such  a  belief.  Light 
falling  into  the  eye  causes  a  sensation  of  luminosity,  a  feel- 
ing belonging  to  the  visual  group  or  modality;  and,  since 
usually  nothing  else  excites  such  feelings  and  light  entering 
the  healthy  eye  always  does,  we  come  to  believe  that  the 
physical   agent    light  is    something   like  our  sensation    of 
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lominosity.  But,  as  we  imve  already  seen,  uo  matter 
how  we  stinntlate  the  optic  nerve  we  still  get  visual  seTtsa- 
tions;  close  tlie  eyes  aod  press  with  a  fiuger-nail  on  oue  eye- 
lid; a  Beusation  of  touch  is  uronwed  where  the  finger  meets 
the  ftkiu;  but  the  pressure  on  tlie  Gyeball  distorts  it  and 
jstimiilates  the  optic  iierve-tibres  in  it  also,  and  the  result  is 
a  luminous  pateh  seen  in  front  of  the  eye  in  such  a  position 
as  a  bright  body  must  occupy  in  space  to  radiate  light  to  the 
stimulated  part  of  the  expuusioti  of  tlie  optic  nerve.  Finding, 
then,  the  same  kind  of  sensation,  a  visual  one,  produced  by 
the  totally  different  causes,  pressure  and  light,  we  are  led  to 
doubt  if  the  ditTerences  of  modality  in  our  sensations  depend 
upon  tlie  diifcrences  of  the  natural  forces  arousing  them; 
nnd  this  doubt  is  strengthened  wlien  we  llnd  still  other  forces 
giving  rise  to  visual  sensations.  But  tlien,  since  light 
and  pressure,  electricity  and  cutting,  all  cause  visual  sensa- 
tions, we  have  no  valid  reason  for  supposing  that  light,  more 
than  either  of  tlie  others,  is  really  in  any  way  like  our  sensa- 
tion of  light:  or  that  sight-feeling  differs  from  sound-feeling 
hecanse  ohjeetively  light  differs  from  sound.  The  eye  is  an 
organ  si>ecially  set  apart  to  he  excited  by  light,  and  accord- 
ingly so  tixed  as  to  have  its  nerve-fibres  far  more  often  ex- 
cited by  that  form  of  force  than  by  any  other;  bnt  the  f^ct 
that  light  sensations  can  be  otherwise  aroused  shows  plainly 
that  tlieir  kind  or  character  has  trntliing  directly  to  do  with 
4iny  property  of  light.  Just  us  by  pinching  or  heating  or 
galvaniairjg  a  motor  nerve  we  can  make  the  muscles  attached 
to  it  contmct,  and  the  contraction  has  nothing  in  co?nmon 
with  the  excitant,  so  the  visual  sensation,  as  snch^  is  inde- 
pendent of  the  stimulus  arousing  it  and,  of  itself^  tells  us 
nothing  concerning  the  kind  of  stimulus  which  has  operated. 
Differences  in  kind  between  external  forces  being  thus 
eliminated  as  possible  causes  of  the  modalities  of  our  sensa- 
tions, we  next  naturally  fall  back  upon  differences  in  the 
sense-organs  themselves.  They  do  undoubtedly  differ  both 
in  gross  and  microscopic  structure,  and  tlie  fact  tliat  pressure 
on  the  closed  eye  arotiscs  a  toiich*feeling  where  the  skin  is 
compressed,  and  a  sight-feeling  where  optic  nerve- fib  res  are, 
might  well  be  due  to  the  fact  that  a  peripheral  touch-organ 
was  different  from  a  peripheral  sight-organ,  and  the  same 
force  might  therefore  produce  totally  different  effects  on 
them  and  so  cause  different   kinds  of   feelings.     Uowever, 
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here  also  c.oeer  examination  shows  tbat  we  miisi  seeK  farther. 
Serisution  is  not  produced  in  a  sense-organ »  but  far  awaj 
from  it  in  tlie  brain;  the  organ  is  merelv  an  apparatus  for 
generating  nervous  impulses.  If  the  optic  nerves  be  divided^ 
no  mutter  how  perfect  the  eyebalie,  no  amount  of  light  will 
arouse  visnul  sensations;  if  the  spinal  cord  be  cut  in  the 
middle  of  the  hack  no  pressure  on  the  feet  will  cause  a  tactile 
or  other  feeling;  though  the  skin,  and  its  nerves  and  the 
lower  half  of  the  spinal  cord  be  nil  intact.  In  all  cajjes  we 
tind  til  at  if  the  nerve-pat  lis  between  a  sense-organ  and  the 
brain  be  severed  no  stimtilation  of  the  organ  will  call  forth  a 
sensation.  The  final  production  of  this  clearly  depeods, 
then,  on  something  occurring  in  the  brain,  and  so  the  kind 
of  a  sensation  is  presumably  dependent  upon  brain  eventd 
ratlicr  than  on  occurrences  in  sense-organs.  Still  it  might 
be  that  something  in  the  sense-organ  caused  one  sensa- 
tion to  differ  from  another.  Each  organ  might  excite  the 
brain  in  a  tiilTcrent  way  and  cause  a  different  sensation^  and 
so  our  sensations  differ  beoayse  our  sense  organs  do.  Such 
a  view  is,  however,  negatived  by  observations  which  show 
tbat  perfectly  characteristic  sensations  can  be  felt  in  the 
absence  of  the  sense-organs  through  w  hich  they  are  normally 
excited.  Persons  wliose  eyeballs  have  been  removed  by  the 
surgeon,  or  completely  destroyed  by  disease,  have  frequently 
afterwards  definite  and  unmistakable  visual  sensations,  quite 
as  characteristic  as  tljose  which  they  had  while  still  possess- 
ing the  visual  end  orgjins.  The  tactile  sensations  felt  in  am- 
putated liujbs,  already  referred  to,  afford  another  example 
of  the  same  fact.  Tlie  persons  still  feel  i lungs  touching 
their  legs  or  lying  between  their  long-lost  toes;  and  the  sen- 
sations are  distinctly  fact  He  and  not  in  any  way  less  different 
from  visual  or  auditory  sensations  than  are  tbe  touch-feel ing8 
following  stimulation  of  those  parts  of  tlie  skin  which  are  still 
possessed.  It  is,  then,  clear  that  the  modality  of  our  sensa- 
tions is  to  be  sought  deeper  than  in  properties  of  the  end- 
organs  of  the  nerves  of  each  sense. 

Properties  of  external  forces  and  properties  of  periph- 
eral nerve-organs  being  excluded  as  causes  of  differences  in 
kind  of  sensation,  we  come  next  to  the  sensory  nerve-fibres 
themselves.  Is  it  because  optic  nerve-fibres  are  different 
from  auditory  nerve-fibres  that  luminous  sensations  are  dif- 
ferent from  sonorous  ?     This  question  must  he  answered  in 
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the  negative,  for  we  have  already  aeen  reason  to  believe 
tliut  all  nerve-fibres  are  alike  in  essential  stnictnre  and  that 
iheir  properties  are  every vviiere  the  same;  tliat  all  tlu^y  do  is 
to  transmit  **  nervous  inipnlsea^' when  excited,  and  that,  no 
matter  what  the  exultant,  these  impulses  are  molecular  move- 
ments, ulwuys  atike  in  kind,  though  they  may  differ  in 
amount  and  in  rate  of  succession.  Since,  tlien,  all  that  tlie 
optic  nerve  does  is  to  send  nervous  impulses  to  the  brain, 
and  all  that  the  auditory  and  gustatory  and  tactile  and  olfac- 
tory nerve-fihres  do  is  the  same,  and  these  impulses  are  all 
alike  in  kind,  we  caniu:)t  explain  the  difference  in  quality  of 
visual  and  other  sensations  by  any  differences  in  property  of 
the  nerve-trunks  concerned,  any  more  than  we  could  attempt 
to  explain  the  facts  that,  in  one  case,  an  electric  curretit  sent 
through  a  thin  platinum  wire  heats  it,  and,  in  another,  sent 
through  a  solution  of  a  salt  decomposes  it,  by  assuming  that 
the  different  resnlts  depend  on  differences  in  the  conducting 
copi>er  wires,  wliich  may  be  ahsohUely  alike  in  the  two  cases. 
We  are  thus  driven  to  conelude  that  our  sensations  pri- 
marily  differ  because  different  central  nerve-organs  in  the 
hrain  are  eon  c(!  rued  in  their  prod  u  el  ion.  That  just  as  an 
efferent  nerve-fibre  will,  when  stimulated,  cause  a  secretion  if 
it  go  to  a  gland-een,  and  a  contraction  if  it  go  to  a  muscle- 
fibre,  80  an  optic  nerve- fibre,  carrying  impulses  to  one  brain 
apparatus  and  exciting  it,  will  cause  a  visual  sensation,  and  a 
gustatory  nerve- fibre,  connected  with  another  brain-centre,  a 
taste  sensation.  In  other  words,  our  kinds  of  sensation 
depend  fundamentally  on  the  properties  of  our  own  cerebral 
nervous  system.  Fur  each  special  sense  w^e  have  a  nervous 
apparatus  with  its  peripheral  terminal  organs,  its  nerve-fibres, 
and  its  brain-centres ;  and  the  excitement  of  this  apparatus,  no 
nuitter  in  what  way,  causes  a  sensation  of  a  given  modality, 
detenidned  by  the  properties  of  ita  central  {KjrtioiK  Usually 
the  apparatus  is  excited  by  one  particular  force  acting  first 
on  its  peripheral  organs,  but  it  may  be  aroused  by  stimuhit- 
ing  its  nerve- fibres  directly  or,  as  in  certain  diseased  states 
(delirium)^  or  under  the  action  of  certain  di-ngs,  by  direct 
excitation  of  the  centres.  The  sensations  of  dreams,  fre- 
quently 80  vivid,  and  hallucinations,  are  also  probably  in 
many  cases  due  to  direct  exeitat  ion  of  the  central  organs  of 
sensory  apparatuses,  though  no  doubt  also  often  due  to  periph- 
eral stimulation.     But  no   matter  how  or   where  the  appa 
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ratus  is  excitc(\  provided  a  sensation  is  produced  it  is  always 
of  the  modality  of  that  sense  apparatus. 

While  in  the  more  specialized  senses  the  modality  of  the 
sensation  can  be  ascribed  only  to  brain  properties  (so  that 
we  may  be  pretty  sure  that  a  man,  the  inner  end  of  whose 
optic  nerve  was  in  physiological  continuity  with  the  outer 
end  of  his  auditory,  and  the  inner  end  of  his  auditory  with 
the  outer  end  of  his  optic,  would  hear  a  picture  and  see  a 
symphony),  yet,  conceivably,  differences  in  the  rhythm   or 
intensity  of  afferent   nervous  impulses  might  cause  differ- 
ences in  modality  in  less  differentiated  senses.    Until  quite 
recently  it  has  been  considered  possible  that  tactile  and  tem- 
perature sensations  were  but  extremes  of  one  general  kind  of 
feeling;  that  they  were  of  the  same  "modality;"  and  com- 
parable, for  example,  to  the  sensations  of  yellow  and  blue  in 
the  visual  set  of  feelings.     This  view  has  now  been  definitely 
proved  to  be  inadmissible  (Chap.  XXXV).   The  points  of  the 
skin  which  arouse  in  us  the  sensations  of  touch,  heat,  and  cold 
arc  all  distinct;  each  one  when  stimulated  gives  rise  to  only 
one  kind  of  sensation,  if  any;  and  always  the  same  kind.     A 
heavy  pressure,  gradually  increased,  arouses  sensations  which 
pass  imperceptibly  from  touch  to  pain,  and  this  result  may 
be  due  to  the  fact  that  regular  and  orderly  afferent  impulses, 
determined  through  tactile  nurve-ondings,  excite  the  centre 
in  one  way;    while  irregular,  disorderly,  and  violent  impulses, 
originated   when    the   pressure  is  groat  enough   to   directly 
excite  nerve-trunks  beneath  the  skin,  may  cause  a  different 
sensation;   much  as  musical  notes  properly  combined  may 
cause  pleasure,  but  all  clashed  together  may  cause  suffering, 
although  the  same  brain-centres  are  stimulated  in  the  two 
oases.     The  pain  from  a  heavy  weight  may,  however,  be  due 
to  the  fact  that  it  excites  a  different  set  of  iierve-flhres  than 
those  connected  with  tactile  feeling,  and  gives  rise  to  imj)ulses 
wliich  excite  new  centres,  the  modality  of  which  is  a  pain 
sensation  so  great  as  to  cloak  concomitant  touch  sensations. 

However  differences  in  nervous  rhythm  may  account  for 
minor  differences  in  sensation,  it  remains  clear  that  the 
characters  of  our  sensations  are  creations  of  our  own  organ- 
\'A\\\  they  depend  on  properties  of  our  Bodies  and  not  on 
})ropertie8  of  external  things,  except  in  so  far  as  tliese  may 
or  may  not  be  adapted  to  arouse  our  different  sensory  appa- 
ratuses to  activity.     From  the  kind  of  the  sensation  we  can- 
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lint,  therefore,  argue  as  to  the  nature  of  tlie  excitant:  we 
have  Tio  more  warrant  for  supposing  that  figh^  is  like  our 
st^nsation  of  liglit  tliati  that  the  knife  tliat  cuts  us  is  like  our 
sensation  of  pain.  All  that  we  know  with  certainty  ig  states 
of  our  own  consciousness,  and  although  from  these  we  form 
working  hypotheses  as  to  an  external  universe,  yet,  grunting 
it,  we  have  no  means  of  acquiring  any  real  kimuiedge  as  to 
the  properties  of  tilings  about  us.  What  we  want  to  know, 
however,  for  the  practical  purposes  of  life  is,  not  what  things 
ar€y  but  how  to  use  them  for  our  advantage,  or  to  prevent 
them  from  acting  to  otjr  disadvantage;  and  our  senses  en- 
able us  to  do  tins  sufficiently  well 

Tho  Paycho-Fliysical  Law.  Although  our  sensations 
are,  in  modality  or  kitid,  independent  of  the  force  exciting 
thenu  they  are  not  so  in  degree  or  intensity,  at  least  within 
certain  limits.  We  cannot  measure  the  amount  of  a  sensa- 
tion and  express  it  in  foot-pounds  or  calories?,  but  we  can  get 
a  sort  of  unit  by  determining  how  small  a  dilTcrence  in  sensa- 
tion can  be  perceived.  Supposing  this  smallest  perceptible 
difference  to  be  constant  within  the  range  of  the  same  sense 
(which  is  not  proved),  it  is  found  that  it  is  produced  by  dif- 
ferent amounts  of  stimulij  measured  objectively  as  forces; 
aTid  that  tliere  exists  in  some  cases  a  relation  between  the  two 
which  can  be  expressed  in  numbers.  Hit  increase  of  sittnu' 
Ins  necessarff  to  produc^f  the  sitmlleat  perceptible  change  in  a 
sensation  is  proporfional  tu  the  strength  of  the  jttivtulus 
alreadij  tictitHj;  for  example,  the  heavier  a  pressure  already 
acting  on  the  skin  the  more  must  it  be  increased  or  dimin- 
ished in  order  that  the  inci^ease  or  diminution  may  be  felt. 
Expressed  in  another  way  the  facts  may  be  put  thus:  sup- 
pose three  degrees  of  stimidation  to  bear  to  one  another  ob- 
jectively the  ratios  10,  100,  1000,  then  their  subjective  ef- 
fects, or  the  amounts  of  sensation  aroused  by  them,  will  be 
respectively  zis  1,  3,  3;  in  other  words,  Me  sen  mi  ion  iff  creases 
proportionafelif  lo  (he  logarithm  af  tlir  strenrfth  of' t tie  stimu- 
tus.  Examples  of  this,  which  is  known  as  "  Weber's''  or 
**  Fechners  pst/cko-phi/sical  taw^-  will  be  hereafter  pointed 
out,  and  are  readily  observable  in  daily  life;  we  have,  for 
example,  a  luminous  sensation  of  certain  intensity  when  a 
lighted  candle  is  brought  into  a  dark  room;  this  sensation  is 
not  doubled  when  a  second  candle  is  brought  in;  and  ia 
hardly  affected  at  all  by  a  third.     The  law  is  only  true,  how- 
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ever  (and  then  but  approximately),  for  sensations  of  medium 
intensity ;  it  is  applicable,  for  example,  to  light  sensations  of 
all  degrees  between  those  aroused  by  the  light  of  a  candle 
and  ordinary  clear  daylight:  but  it  is  not  true  for  luminosi- 
ties so  feeble  as  only  to  be  seen  at  all  with  difficulty,  or  so 
bright  as  to  be  dazzling. 

Besides  their  variations  in  intensity,  dependent  on  varia- 
tions in  the  streugth  of  the  stimulus,  our  sensations  also  vary 
with  the  irritability  of  the  sensory  apparatus  itself;  which  is 
not  constant  from  time  to  time  or  from  person  to  person. 
In  the  above  statements  the  condition  of  the  sense-organ  and 
its  nervous  connections  is  presumed  to  remain  the  same 
throughout. 

FeroeptionB.  In  every  sensation  we  have  to  carefnlly 
distinguish  between  the  pure  sensation  and  certain  jadg- 
ments  founded  upon  it;  we  have  to  distinguish  between  what 
we  really  feel  and  what  we  think  we  feel;  and  very  often 
firmly  believe  we  do  feel  when  we  do  not. 

The  most  imiK)rtant  of  these  judgments  is  that  which 
leads  us  to  ascribe  certain  sensations,  those  aroused  through 
organs  of  special  sense,  to  external  objects — that  outer  refer- 
ence of  our  sensations  which  leads  us  to  form  ideas  concern- 
\x\%  the  existence,  form,  position,  and  properties  of  external 
thin<:fs.  Such  representations  as  these,  founded  on  our  senses, 
are  called  perceptwmK,  Since  these  always  imply  some 
mental  activity  in  addition  to  a  mere  feeling,  their  full  dis- 
cussion belonirs  to  the  domain  of  Psychology.  Physiology, 
however,  is  concerned  with  them  so  far  as  it  can  determine 
the  conditions  of  stimulation  and  neurosis  under  which  a 
given  mental  representation  concerning  a  sensation  is  made. 
It  is  quite  certain  that  we  can  feel  nothing  but  states  of  our- 
selves, but,  jis  already  pointed  out,  we  have  no  hesitation  in 
saying  we  feel  a  hard  or  a  cold,  a  rough  or  smooth  body. 
When  we  look  at  a  distant  object  we  usually  make  no  demur 
to  savins:  that  we  perceive  it.  What  we  really  feel  is,  how- 
ever, the  change  produced  by  it  in  our  eyes.  There  are  no 
parts  of  our  Bodies  reaching  to  a  tree  or  a  house  a  mile  ofF — 
and  yet  we  seem  to  feel  all  the  while  that  we  are  looking  at 
the  tree  or  the  house  and  feeling  them,  and  not  merely  ex- 
periencing modifications  of  our  own  eyes  or  brains.  When 
reading  y^e  fori  that  what  we  really  see  is  the  book;   and  yet 
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the  existence  of  the  book  is  a  judgnient  fouiidetl  on  a  state 
of  our  Body,  which  uloiie  is  what  we  truly  feel* 

We  have  the  same  experience  in  other  cases,  for  example 
with  regard  to  touch. 

Hairs  are  quite  insensible,  but  are  imbedded  in  the  sensi* 
tive  skin,  which  is  excited  when  they  are  moved.  But 
if  the  tip  of  a  hair  be  touched  by  some  eiteroal  object  we 
believe  we  feel  the  contact  at  its  insensible  end,  and  not  in 
the  sensitive  skin  at  its  root.  80,  the  hard  parts  of  the  teeth 
are  insensible;  yet  when  we  rub  them  together  we  refer  the 
seat  of  the  eunsatiun  aroused  to  the  jioints  where  tliey  touch 
one  another,  and  not  to  the  sensitive  parts  around  the  sockets 
where  the  sensory  nerve  impulse  is  really  started. 

Still  more,  we  may  refer  tactile  sensations,  not  merely  to 
the  distal  ends  of  insensible  bodies  iniphmted  in  the  skin, 
but  to  the  far  ends  of  tilings  which  are  not  parts  of  otir 
Bodies  at  all;  for  instance,  the  distant  end  of  a  rod  held 
between  the  finger  and  a  table  while  the  finger  is  moved  a  little 
from  side  to  side.  We  tlien  believe  we  feel  touch  or  pressure 
in  two  places;  one  where  the  rod  touches  our  linger,  and  the 
other  where  it  comes  in  contact  with  the  table.  A  blind 
man  gropes  his  way  abtng  hy  feeling  at  the  end  of  his  stick. 
If  the  rod  is  attached  imnioviibly  to  the  table  we  feel  only 
its  end  next  the  finger  If  we  coukl  fix  it  immovably  on  the 
finger  w^hile  the  other  end  was  movable  on  the  table,  we 
would  lose  the  sensation  at  the  finger  and  refer  the  sensa- 
tion of  pressure  to  where  the  rod  touched  the  table.  When  a 
tooth  is  touched  with  a  rod  we  only  feel  the  contact  at  its 
end,  unless  it  is  loose  in  its  socket;  and  then  we  get  two 
aensatifms  on  touching  its  free  end  with  a  foreign  body. 

This  irresistible  mental  tendency  to  refer  certain  of  our 
states  of  feeling  to  cmises  outside  of  our  Bodies,  and  either  in 
contact  with  them  or  sejiarated  from  them  by  a  certain  space, 
is  known  as  the  phenomenon  of  the  eTtrinsic  reference  of  our 
sensations.  The  discussion  of  its  origin  belongs  properly  to 
Psychology,  and  it  will  suffice  here  to  point  out  that  it  seems 
larguly  to  depend  on  the  fact  that  the  sensations  extrinsically 
referred  can  be  modified  by  movements  of  our  Bodies. 
Hunger,  thirst,  and  toothache  all  remain  the  same  whether 
we  turn  to  the  right  or  left,  or  move  away  from  the  place  we 
are  standing  in.  But  a  sound  is  altered.  We  may  find  that 
in  a  certain  position  of  the  head  it  is  heard  more  by  the 
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right  ear  than  the  left;  but  on  tuniing  round  the  rererse  is 
the  case:  and  half  way  round  the  loudness  in  each  ear  is  the 
same.  Hence  we  are  led,  by  mental  laws  outside  of  the 
physiological  domain,  to  su6{>ect  that  its  cause  is  not  in  oar 
Body,  but  outside  of  it:  and  dei>ends  not  on  a  condition  of 
the  Body  but  on  something  else  And  this  is  confirmed 
when  going  in  one  direction  we  find  the  sound  increased, 
and  in  the  other  that  it  is  diminished.  This  implies  that  we 
have  a  knowledge  of  our  movements,  and  this  we  gain 
through  the  muscular  semte.  It  constitutes  the  n*active  side 
of  our  sensory  life,  associated  with  the  changes  we  produce 
in  external  things;  and  is  correlated  and  contrasted  with  the 
passive  side,  in  which  other  things  produce  sensations  by  act> 
ing  upon  us. 

As  regards  our  common  sensations  we  find  something  of 
the  same  kind.  The  more  readily  they  can  be  modified  by 
movement  the  more  deiinitely  do  we  localize  them  in  space^ 
though  in  this  case  within  the  Boily  instead  of  outside  it. 
Hunger  and  nausea  can  be  altered  by  pressure  on  the  pit  of 
the  stomach:  thirst  by  moistening  the  throat  with  water; 
the  desire  for  oxygen  ( respiration-hunger)  by  movements  of 
the  cliest:  and  so  we  more  or  less  definitely  ascribe  these 
sensations  to  conditions  of  those  piirts  of  the  Body.  Other 
general  sensations,  as  dt-prcssion,  anxiety,  and  so  on,  are  not 
moditiable  by  any  particular  niovoniont,  and  so  appear  to  us 
rather  as  nu-ntal  states,  pure  and  simple,  than  bo<lily  sensa- 
tions. 

Sensory  Illusions.  '•  I  nnist  ]K»liove  my  own  eyes  "  and 
"we  can't  always  Ix'lieve  our  senses  "  art*  two  expressions 
frf([Uontly  hoard,  and  eai'h  expressiuL:  a  truth.  No  doubt  a 
sensiition  in  itself  is  an  absolute  incontrovertible  fact:  if  I 
feel  redness  or  liotness  I  do  feel  it,  and  that  is  an  end  of  the 
matter:  but  if  I  lto  V>evond  the  fact  of  my  having  a  certain 
sensation  and  conchuie  from  it  as  to  projK-rtits  of  something 
else — if  I  form  a  iuih:v\'ni  from  my  s>n.<ati"H — I  may  be 
totally  wron:i:  and  in  so  far  be  unaMe  to  U'lieve  my  eyes  or 
skin.  Such  juilgments  are  almos:  inextricably  \*oven  up 
with  many  of  our  sensations,  anii  so  closely  tha:  we  cannot 
readily  separate  the  two;  not  even  when  we  know  that  the 
judgment  is  erroneous. 

For  example,  the  moon  when  rising  or  setting  apj)ear8 
bigger  than   wlien  high  in   the  heavens — we   seem   to   feel 
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directly  that  it  a  rouges  more  sensation,  and  jet  we  know  cer- 

ttiiuly  that  it  does  not.  With  a  body  of  u  given  brij^htness 
tlie  amount  of  change  produced  in  the  end  organs  of  the  eye 
will  depend  on  the  size  of  the  image  formed  in  the  eye,  pro- 
vided the  same  part  of  its  sensory  surface  is  acted  upon. 
Now  the  size  of  this  image  depends  on  the  distance  of  the 
object;  it  is  smaller  the  fiirtiier  off  it  is  and  greater  the 
nearer,  and  measurements  show  that  the  area  of  the  sensitive 
snrface  affected  by  the  image  of  the  rising  moon  is  no  larger 
than  that  affected  by  it  when  overhead.  Why  then  do  we, 
even  after  we  know  this,  see  it  bigger?  The  reason  is  that 
when  the  moon  is  near  the  horizon  we  imagine^  unconsciously 
and  irresistibly,  that  it  is  farther  off;  even  astronomers  who 
know  perfectly  well  that  it  is  not,  cannot  help  forming  this 
unconscious  and  erroneous  judgment — and  to  them  the  moon 
appears  in  conser^uence  larger  wlien  near  the  horizon,  just  as 
it  does  to  less  well-informed  mortals.  In  fact  we  have  a  con- 
ception of  the  sky  over  which  the  moon  seems  to  travel^  not  as 
a  half  sphere  but  m  somewhat  ilattened,  and  hence  when  the 
moon  is  at  the  horizon  we  unconsciously  judge  that  it  ig 
farther  off  tfian  when  overhead.  But  any  body  which  ex- 
cites the  same  extent  of  tlie  sensitive  surface  of  the  eye  at  a 
great  distatice  that  another  does  at  less,  must  be  larger  than 
the  latter;  and  so  we  conclude  that  the  moon  at  the  horizon 
is  larger  than  tlie  moon  in  the  zenith,  and  are  ready  to  de- 
clare that  we  see  it  so. 

So,  again,  a  small  bit  of  pale  gray  paper  on  a  white 
sheet  looks  gray:  but  placed  on  a  large  bright  green  surface 
it  looks  purple;  and  on  a  bright  red  surface  looks  blue- 
P'een.  As  the  same  bit  of  gray  paper  is  shifted  from  one  to 
the  other  we  see  it  change  its  color:  it  arouses  in  us  different 
feelings,  or  feelings  which  we  interpret  differently,  although 
objectively  the  light  reflected  from  it  remains  the  same. 
8»niihirly  a  mediuo^sizecl  man  alongside  of  a  very  tall  one 
appears  short,  but  when  walking  with  a  very  short  one,  tall. 

Such  erroTvcous  perceptions  as  these  are  known  as  sensory 
illusions;  and  we  ought  to  be  constantly  on  guard  against 
them. 


CHAPTER  XXXIL 

THE    EYE   AS  AN  OPTICAL  INSTRUMENT. 

The  EBsential  Stxnoture  of  an  Eye.  Every  visaal  organ 
consists  primarily  of  a  nervous  expansion,  provided  with  end- 
organs  by  means  of  which  light  is  enabled  to  excite  nerroos 
impulses,  and  exposed  to  the  access  of  objective  light;  such 
an  expansion  is  odled  a  retina.  By  itself,  however,  a  retina 
would  give  no  visual  sensations  referable  to  distinctly  limited 
external  objects;  it  would  enable  its  possessor  to  tell  light 
from  darkness,  more  light  from  less  light,  and  (at  least  in  its 
highly  developed  forms)  light  of  one  color  from  light  of  an- 
other color:  but  that  would  be  all.  Were  our  eyes  merely 
retinas  we  could  only  tell  a  printed  page  from  a  blank  one  by 
the  fact  that,  being  partly  covered  with  black  letters  (which 
reflect  less  light),  it  would  excite  our  visual  organ  less  power- 
fully than  the  spotless  white  j\Hge  would.  In  order  that  dis- 
tinct i»]g\»cis  and  not  merely  liegrees  of  luminosity  may  be 
seen,  s«»me  arrangement  is  needed  which  shall  bring  all  light 
entering  the  eye  from  one  ix^int  of  a  luminous  surface  to  a 
focuii  aijain  on  one  p<iint  of  the  senj^itive  surface.  If  A  and 
B  (Fiir.  !:»!»)  l>e  two  red  spots  on  a  Mack  surface.  A',  and  rr 
be  a  retina,  then  rays  of  light  tlivergini:  from  -1  would  fall 
equally  on  all  parts  of  the  retina  and  excite  it  all  a  little:  so 
with  rays  starting  from  /?.  The  sensation  aroused,  suppos- 
ing the  retina  in  connection  with  the  rest  of  the  ner\*ous 
visual  apparatus,  would  be  one  of  a  certain  amount  of  reii 
light  reaching:  the  eye:  the  reil  spots,  as  definite  objects. 
Would  Ik?  inili>tingui>hable.  If.  hr.wever.  a  convex  glass  lens 
L  {V\z.  140)  Ik*  put  in  front  of  tlie  retina,  it  will  cause  to 
converge  again  to  a  sinde  ]x^int  all  the  ray<  from  A  falling 
upon  it:  so,  too,  with  the  niys  fn^n  />  :  atid  if  the  focal  dis- 
tance of  the  lens  be  pn^perly  adjuster!  these  p*Mnts  of  conver- 
gence will  l><nh  lie  on  the  retina,  that  for  rays  from  A  at  a, 
and  that  for  niys  from  />  at  h.  The  sensitive  surface  wonld 
then  only  l>e  exciteii  at  two  limiietl  and  separated  points  bv 
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the  red  light  emimatiDg  from  the  spots;  coiiBeqaeDtly  only 
BOrae  of  its  end -organs  niul  iierve-libree  would  be  stimulated 
and  the  result  would  be  tbe  recognition  of  two  separate  red 


^%^E 


Fio.  l!8.-DiaKTam  illiwtratin^  tbn  IndisUnctDetM  of  vtaloo  writh  a  retltiA  *li>ne. 
K;  ft  surf««e  on  which  are  two  apotji,  A  and  i^;  r  t,  tlic  rellna.  Tll«  «iivf»rgUiK 
liii«>B  Fepreaent  rays  uf  Ughc  »prf ml  uuiformly  over  the  retina  frocn  each  t»[iut. 

objects.  In  our  eyes  there  are  certain  refracting  media 
which  lie  in  front  of  the  retina  and  take  the  place  of  t!ie  lens 
L  in  Fig.  140,     That  portion  of  physiology  which  treats  of 


Fio,  I^O.—niusCrmtijijc  the  ii«e  of  n  lens  In  (civjnc  f|(?finirp  rfltirml  iii]mjp.i».  A,  it, 
K,  r  r,  M  in  Fi|r.  !*>.  £,»  ft  bleoiiv<»x  tenii  »n  placi*<l  tlmt  ft  in-«*nfi^  fo  m  fucu^  on  tliis 
poItiUt  a  and  b  of  the  retina,  mj!*  of  lijrUt  diverifln*:  from  a  ntnl  H  i  tf»pectivHy. 

the  physical  action  of  these  media  or,  in  other  words,  of  the 
eye  as  an  optical  instniment,  is  known  as  the  diopiriva  of  tlie 
eye.' 

The  Appendages  of  the  Eye,  The  eyeball  itself  con- 
sists of  the  retina  and  refracting  ntedia,  together  with  sup- 
porting and  nutritive  structures  and  other  accessory  appa- 
ratuseSf  as,  for  example,  some  controlling  the  liglit-converg- 
ing  power  of  the  media,  and  others  regnlating  the  size  of  the 
aperture  {pupil)  by  which  light  enters.  Outside  the  ball  lie 
niustdes  which  bring  about  its  movements,  and  other  parts 
serving  to  protect  it. 

Eivch  orbit  is  a  pyramidal  cavity  occupied  by  connective 
tissue,  muscles,  blood-vessels  and  nerves^  and  in  great  part  by 
fat,  which  forms  a  soft  cushion  on  which  the  hack  of  the  eye- 
ball lies  and  rolls  during  its  movem<»nts.     The  contents  of 
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the  orbit  being  for  the  most  part  incompressible,  the  eye  can- 
not be  drawn  into  its  socket.    It  simply  rotates   there,  as 
the  head  of  the  femur  does  in  the  acetabulum.     When  the 
01  bi taf"T5T6M-'VB8Sete  ar^  gc'rged,  however,  the  eyeball   may 
*  "^    pfotmde  (as  in  strongwlalion) ;   and  when  these  vesatlu  ^uipt) 
<^  it  reeades  somewhat,  as  is  commonly  seen  after  deciih.     The 
front  of  the  eye  is  exposed  for  the  purpose  of  allowing  light 
to  reach  it,  but  can  be  covered  up  by  the  eyelids^  which  are 
folds  of  integument,  movable  by  muscles  and  strengthened 
by  plates  of  tibro-cartilage.     At  the  edge  of  each  eyelid  the 
skin  which  covers  its  outside  is  turned  in,  and  becomes  con- 
tinuous  with   a  mucous  membrane,  the  conjunctivGy  which 
lines  the  mside  of  each  lid,  and  also  covers  all  the  front  of 
the  eyeball  as  a  closely  adherent  layer. 

The  upper  eyelid  is  larger  and  more  mobile   than    the 
lower,  and  when  the  eye  is  closed  covers  all  its  transparent 
part.     It  has  a  special  muscle  to  raise  it,  the  levator  pal pebrm 
snperioris.     The  eyes  are  closed   by  a  flat  circular  muscle, 
the  orbicularis  palf^ebrarum  which,  lying  on  and  around  the 
lids,  immediately  beneath  the  skin,  surrounds  the   aperture 
between  them.     At  their  outer  and  inner  angles  {canthi)  the 
eyelids  are  uniteiK  and  the  appar^itiize  of  the  eye  depends 
u{x)n  the  iiH«Fval-U4'W^ui  il^  oaiithi.  the  eyeball  itself  being 
nearly  of  the  same  sizo  in  all  persons.     Near  the  inner  can- 
thus  tlie  lino  of  tin*  edge  of  each  eyelid  chanires  its  direction 
and  becomes  more  Ix^rizontal.     At  this  point  is  found  a  small 
emiiuMico,  tlu*  //?(*'/ /-//m/f/  jmpilhu  on  oaoh  lid.     For  most  of 
their  extent  the  inner  surfaces  of  the  eyolitls  are  in  contact 
with  the  oiitsi<le  of  the  eyeball,  but  near  tiieir  inner  ends  a 
reii  vertical   fold   of  oonjiinotiva,  the  .<»'miU(nar  fold  (plica 
sevtiiufinris)  intervenes.     This  is  a  reprosontative  of  the  third 
eyelid,  or  tiirtittitnnj  in»'}nhra h*.  iouxul  lariroly  dovelo|>ed   in 
many  animals,  as  binls.  in  which  it  caii  Se  drawn  all  over  the 
exposed  part  ot  the  eyeball.     At  the  inner  or  nasal  corner  is  a 
red«iisli    elevation,  the   ctfrftm^^tf  f'fr^r*f*»t*t-i<,  caused   by   a 
collection  of   seua*u54>w*^  irlajuls  imlnjuJed  in   liie  semihinar 
fold.     OjHMiini:    alonu    the   edire   of   each    eyelid    are  from.,  ., 
twenty  to  thirty  minute  compound  sebaceous  jzlaiids,  named  y^-*^*^^ 
ihe  MeiWiiuan    follicles.      1  heir  secretion  is   sometimes  ab-  ^  ^*'^' 
normally  ainindant.  and  ihon  apinars  as  a  veHnwiyH  mattar 
along  tne  tnliies  of  the  eytliJ>.  which  vlten  dries  in  the  night 
and  causes  the  lias  to  be  c*t>^  t<»whw  tn  ttie  vroming. 


I 


THE  ETE  A8  AN  OPTICAL  INSTRTTMENT, 


507 


The  eyelashes  are  short  curved  hairs,  arranged  in  one  or  two 
rows  along  each  lid  where  thu  ekiii  joiri?^  the  coujuiictiva. 

The  Lachrymal  Apparatiis  t;u ovists  of  the  teiir-glaod  iii 
^each  orbit,  the  ducts  which  carry  its  eecretiou  to  the  upper  eye- 
lid, and  the  canals  by  which  the  tears,  unless  when  excessive, 
are  carried  ott  from  the  front  of  the  eye  without  rnnniog  down 
over  the  face.  Tbc  lachrtjmHl  or  (ear  yhnai^  about  the  size 
of  an  almond,  lies  in  the  upper  and  outer  part  of  the  orbit, 
near  the  front  end.  It  is  a  eompouud  racemose  gland,  from 
which  twelve  or  fourteen  duels  run  and  open  in  a  row  at  the 
outer  corner  of  the  upj^er  eyelid.  The  secretiun  there  poured 
out,  is  spreatl  evenly  over  the  exj^osed  part  of  the  eye  by  the 
movements  of  winking,  and  keeps  it  moist;  finally  the  tear  is 
drained  off  by  two  hivhrtfmiil  canals^  one  of  which  opens  by  a 
small  pore  {punvtitm  lavhrytnaHs)  on  each  lachrymal  papilla. 
The  aperture  of  the  lower  canal  can  be  readily  seen  by  ex- 
amining the  corresponding  papilla  by  the  aid  of  a  looking- 
glass.  The  canals  run  inwards  and  open  into  the  hwhrtfiital 
mCf  which  lies  just  outside  the  nose,  in  a  hollow  where  the 
lachrymal  and  superior  maxillary  bonos  {L  and  Mr,  Fig. 
30)  meet.  From  the  sac  the  naml  dffd  proceeds  to  open 
mto  the  nose-chamber,  below  the  inferior  turbinate  bone 
and  within  the  nostriL 

TcEirs  are  constantly  being  secreted,  but  ordinarily  in 
such  quantity  as  to  be  drained  off  into  the  nose,  from  which 
they  th:>w  itito  the  pharynx  and  are  swallowed.  When  the 
lachrymal  ducts  are  stopped  up,  lujwever,  their  continual 
presence  tr akes  itself  unpleasantly  felt,  and  may  need  the  aid 
of  a  surgerju  to  clear  the  passage.  In  tceepim/  the  secretion 
18  increased^  and  then  not  only  more  of  it  enters  the  nose, 
but  some  flows  dmvn  the  cheeks.  The  frequent  swallowing 
movements  of  a  cryi**jBH*h4kH  sometime^?  spoken  of  as  '*  gwly- 
ing  dowtiJik>p<Mioion/'  are  due  to  the  need  of  swallowing  the 
e3ttr<^4«ars  which  reach  the  pharynt. 

The  Muscles  of  the  Eye  {Fig.  HI).  The  eyeball  is 
spheroidal  in  form  and  attached  behind  to  the  optic  nerve,  «, 
somewhat  as  a  cherry  might  be  to  a  thick  ^talk.  On  its  ex- 
terior are  inserted  the  tendons  of  six  muscles,  four  straifjhi 
and  two  ob!if/ife.  The  straight  muscles  lie,  one  (sttperior 
recius),  s,  above,  one  {infenor  rectus)  below,  one  (external 
rectus),  a,  outside,  and  one  {internal  rectus),  t\  inside  the 
•eyeball     Each  arises  behind  from  the  bony  margin  of  the 
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foramen  throngb  which  the  optic  nenre  enters  the  orbit.  In 
the  figure,  which  represents  the  orbits  opened  from  aboT^ 
the  superior  rectus  of  the  right  side  has  beeu  removed.  The 
superior  abiique  or  pulh^  {trochlear)  mu^ch,  /,  arises  behind 
Dear  the  straight  muscles  and  forms  anteriorly  a  teudoti*  «i» 
which  passes  through  a  fibrocartilaginous  ring,  or  pollej, 
placed  at  the  notch  in  the  frontal  l>une  where  it  boutida 
superiorly  the  front  end  of  the  orbit.     The  tendon  then  ttinu. 
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Wm^  141  -Tb<>  ^TebAttii  «i)d  ihHr  mimlli  ••  w&tm  wHmi  like  roof  of  tli«  ^ 
MB  beMi  rpinovfi*]  ami  i  hf  fat  IQ  lli«*  cATftj  litti  hmm  pftrtljr  citmsmA  mmmj.    On  I 
rdHlc  fliile  the  ^nprriiir  n!V(tt!i  fttuvelv  hm*  hmn  «iM  mwmj,    o^  ezteriM]  rBeUts; 
Mlgw  I  lur  nBGtiH ;  i,  Inu^mai  rrotias;  U  Mipi*rlor  oMiqttr. 

back  and  is  inserted  into  the  eyeball  bgliggii  Mm  <tppil  anj 
maiWf  III  li  luutecles.  The  iMmim  uMiVi»^  tnmsd^  does 
ari^,  like  theTWEt,  at  the  back  of  tht*  orbit,  bnt  near  its  front 
at  the  inner  side.  v\nn%  le  thti  lai'hi  iniiil  wuc.  It  passes  thence 
outwards  and  ba^kaianls  beneath  the  eyeball  to  be  inserted 
into  its  onter  and  posterior  part. 

,The  inner,  upper*  and  lower  straight  mnacleQ,  the  inferior 
oblique,  and  the  elerator  of  the  npper  lid  are  supplied  by 
branches  of  the  third  cranial  nerve.  The  sixth  cranial  nenre 
goes  t4>  the  outer  necins;  and  the  fourth  to  the  superior  oblique. 

The  eye  may  be  moved  from  side  to  side:  op  or  down; 
obliquely,  that  is  neither  truly  rertieally  nor  horizontally, 
but  partly  both ;  or,  finally,  it  may  he  rotated  on  its  antero- 
poaterior  axis.    The  oblique  mof^Qmenla  are  always  acoom- 
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pan  led  by  a  slight  amount  of  rotation.  When  the  glance  is 
tuniLHi  to  the  left,  the  left  external  rectus  and  the  right  in- 
ternal contract,  and  vwe  vct'sa;  when  up,  both  superior  recti; 
wlien  down,  both  the  inferior.  The  superior  oblique  muscle 
acting  alone  will  roll  the  front  of  the  eye  downwards  and 
outwards  wi(.Ij  a  certaiti  amount  of  rotation;  the  inft*rior 
oblique  does  i  Jie  reverse.  In  oblique  nujvcnients  two  of  the 
recti  are  concerned,  an  upper  or  lower  with  an  inner  or 
outer;  at  the  dame  time  one  of  the  oblique  also  always  con- 
tracts.    MovementB  of  rotation  rarely,  if  ever,  occur  alone. 

The  natural  combined  muvemenis  of  the  eyes  by  which 
both  are  directed  simultaneously  towards  the  same  point  de- 
pends on  the  accurate  adjustment  of  all  its  nervo-muscuh^r 
apparatus.  When  tlie  co-<jrtiination  is  deficient  the  person  is 
Bani  to  affuint,  A  left  fAtvrnal  Mjuiitl  would  be  caused  by 
paralysis  of  the  inner  rectus  of  that  eye,  for  then,  after  the 
eyeball  had  been  turned  out  by  the  external  rectus,  it  would 
not  be  brought  back  again  to  its  median  positioih  A  left 
tnteriml  s(]uinJ  would  be  caused,  similarly,  by  paraly^tis  of 
the  left  external  rectus;  and  probably  by  disease  of  the  sixth 
cranial  nerve  or  its  brain-centres.  Dropping  of  the  upper 
eyelid  (/i/f?.ifi.^)  indicates  paralysis  of  its  special  elevator  muscle 
and  IS  often  a  serious  Bym]jtom,  pointing  to  disease  of  the 
brain -parts  from  which  it  is  innervated. 

The  Globe  of  the  Eye  is  on  the  wdiole  spherical,  but 
consists  of  segments  of  two  spheres  (see  Flir.  142),  a  jiortion 
of  a  sphere  of  smaller  radius  forming  its  anterior  transparent 
part  and  being  set  on  to  the  front  of  its  posterior  segment, 
which  is  [lart  of  a  larger  sphere.  From  before  back  it 
measures  nhcml  2i.5  millimeters  (^  inch),  and  from  side  to 
side  about  '^5  millimeters  (1  inch),  Excejit  when  looking  at 
near  objects,  the  antero-posterior  axes  of  the  eyeballs  are 
nearly  parallel,  though  the  optic  nerves  diverge  considerably 
(Fig.  141);  each  nerve  joins  its  eyeball,  not  at  the  centre,  but 
about  2.5  mm,  {^\,  inch)  on  the  nasal  side  of  the  posterior  end 
of  its  an tero- posterior  axis.  In  general  terms  the  eyeball  may 
be  described  as  consisting  ot  three  confs  and  three  refracting 
ff led  iff* 

The  outer  coat,  1  and  3,  Pig  142,  consists  of  the  sch:roiic 
and  the  cornea,  tlie  hitter  being  transparent  and  situated  in 
front;  the  formei  ib  opaque  and  white  and  covers  the  back 
and  sides  of  the  globe  and  part  of  the  front,  where  it  is  seen 


Tw.  148L— The  left  e^-ebaH  \n  horimntal  *«^ti<Mi  from  before  back. 
1,  JuDcticNQ  nf  icl^rotic  and  citrrica;  ^,  c«.iriif*a;  I,  \  eoDJtincCiTA;  t^  tns&rriur 
diwlJc  tayer  of  coroe*:  7.  C1II417  mitsde;  10*  choroid;  11,  11.  cUtiiY  pnnw^a, 
14,  iris;  15.  rrtlna:  16^  optic  oerve;  IT.  arieiy  eot^ringr  rviia&  lb  opoe  borrv;  It, 
tove*  ceatTBlis;  19.  ratrfon  wherv  «eiiaonr  part  of  rptlOA  mids:  91,  m^Moaonr 
lUiMneDt;  iiS  U  placed  fn  the  cnoal  of  Pptfb  And  tli«  lin«  fn>m  S&  polot*  to  tl;  9L 
|£b  ■fltflrior  part  of  Ihr  hymlnM  niembrmue;  Ku  i7.  W  Aiip  placed  on  tbe  lem;  s 
POiBta  Ui  tlie  liD^  of  attaohaK^nt  amiiiKi  it  of  tbe  Binpetmonr  litramefit:  39,  ritrvoiM 
nnnKw;  80,  aaiertor  chamber  of  a^iueotut  botnor;  31,  po«t«nor  chactibvr  of  ■yooui 
humor. 

€,  lined  inside  by  a  single  layer  of  epithelial  celk;  it  is  the 
membrane  of  Descemei,  or  the  posterior  rJ antic  layer. 

The  second  coat  eonsistg  of  the  choroid^  9,  10,  the  ciliary 
pracesses,  11,  13,  and  the  i>i>,  14,  The  charoid  is  oiade' 
up  of  blood-vessels  supported  bj  loose  coiuK*ctJve  tissue 
containing  numerous  corpnscles,  which  in  its  inner  layers 
are  richly  filled  with  dark-brown  or  black  pigment  srranules. 
Towards  the  front  of  the  eyeball,  where  it  Wpns  to  diminish 
in  diameter,  the  choroid  is  thrown  into  plaits,  the  ahary 
proce^«e<^  11,' 13.  Beyond  these  it  continues  as  the  iris^ 
which  forms  the  colored  part  of  the  eye  seen  through  the 
cornea;  and  in  the  centre  of  the  iris  is  a  circular  a|)ertui«. 
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th%  pupil :  so  itg  second  coat  does  not,  like  the  outer  one, 
completely  envelop  the  eyeball.  In  the  iris  is  a  ring  of  plain 
Diusculur  tissue  encircling  the  aperture  of  the  pupil:  when  its 
fibres  con  tract  they  narrow  the  pupil,  Hiidial  lib  res  can  be 
found  passing  from  the  ring  to  tlie  outer  edge  of  the  iris, 
and  they  have  been  supposed  to  be  mnsenlur  and  concerned 
in  dilating  the  ptipih  They  are  probably  merely  elastic  and, 
beiug  stretched  when  the  circular  nruscle  contracts,  by 
mere  physical  elasticity  dilate  tlie  pupil  when  the  muscle 
relaxes.  The  circular  or  sphincter  muscle  aj>pear8  to  be 
normally  in  a  state  of  tonic  contraction;  this  is  increased 
by  impulses  travelling  in  fibres  of  the  third  cranial  nerve 
and  is  diminished  or  inhibited  by  ini|Hilses  travelling  along 
fibres  of  the  syrn pathetic,  which,  iiowever,  iiave  their  origin  in 
the  medulla  oblongata  and  run  down  the  spinal  cord  to  the 
lower  part  of  the  neck,  where  they  pass  out  in  anterior  spinal 
nerve-roots  to  reach  the  sympathetic.  The  pigment  in  the 
iris  is  yellow,  or  of  lighter  or  darker  brown,  according  to  the 
color  of  the  eye,  and  more  or  less  abundant  according  as  the 
eye  is  blacky  brow^n,  or  gray.  In  blue  eyes  the  pigment  ts 
confined  to  the  deeper  layers,  and  modified  in  tint  by  ligbt 
absorption  in  the  anterior  colorless  strata  through  which  the 
ligbt  passes. 

The  third  coat  of  the  eye,  the  retina,  15,  is  its  essential 
portion,  being  the  part  in  which  the  light  produces  those 
changes  that  give  rise  to  impulses  in  the  optic  nerve.  It  is 
a  St  ill  less  complete  envelope  than  the  second  tunic,  extend- 
ing forwards  only  as  far  as  the  commencement  of  the  ciliary 
processes,  at  least  in  its  typical  form.  It  is  extremely  soft 
and  delicate;  and,  when  fresh,  transparent.  Usually  when 
an  eye  is  opened  the  retina  is  colorless;  but  when  the  eye  has 
been  cut  open  in  faint  yellow  light  and  the  exposed  retiim 
quickly  examined  in  wOiite  light  it  is  seen  to  be  purple.  The 
coloring  substance  (visual  pnrph)  very  rapidly  bleaches  when 
a  dead  eye  is  exposed  to  daylight.  On  front  or  inner  surface 
of  the  human  retina  two  special  areas  can  be  distinguished  in 
a  fresh  eye.  One  is  the  point  of  entry  of  the  optic  nerve,  10,  the 
fibres  of  which,  penclratnig  the  sclerotic  and  clioroid.  sjiread 
out  in  the  retina.  At  this  place  the  retina  is  w biter  than 
elsewhere  and  presents  an  elevation,  the  optic  man  ml.  The 
other  peculiar  region  is  the  yelhw  spot  {macula  Intea),  18, 
which  lies  nearly  at  the  posterior  end  of  the  axis  of  the  eye- 
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ball  and  therefore  outside  the  optic  monnd;  in  its  centre  the 
retina  is  thinner  than  elsewhere  and  so  a  pit  {/090a  ceH" 
iralis),  18»  is  formed.  This  appears  black,  the  thinned 
retina  there  allowing  the  choroid  to  be  seen  through  it  more 
dearly  than  elsewhere.  In  Fig.  143  is  represented  the  left 
retina  as  seen  from  the  front,  the  elliptical  darker  patch 
about  the  centre  indicating  the  yellow  spot,  and  the  white  circle 
on  one  side,  the  optic  mound.  The  Tessels  of  the  retina 
arise  from  an  artery  (17,  Fig.  142)  which  runs  in  with  the 
optic  nerve  and  from  which  branches  diverge  as  shown  in 
Fig.  143. 

The  Optic  Herrea.  Oommiasore,  and  THurts.  The  optic 
nMTes  converge  to  meet  in  the  optic  commissure  (m.  Fig. 
141),  from  which  the  optic  tracts  pass  to  the  region  of  the 
midbrain.  They  terminate  mainly  in  the  anterior  corpora 
quadrigemina  (Chap.  XII)  and  in  masses  of  gray  nenre  matter 
lying  to  the  outer  sides  and  in  front  of  these,  and  known  as 
the  corpora  geniculata.  At  the  commissure  (m.  Fig.  141)  many 
fibres  cross  the  middle  line,  so  that  fibres  from  each  optic  nerve 
are  found  in  both  optic  tracts.  In  general,  fibres  from  the 
right  (that  is,  the  outer  or  temporal)  side  of  the  right  retina 
and  the  right  (i.«.  nasal)  side  of  the  left  retina  pass  on  to  the 
brain  in  the  riglit  optic  tract;  and  similarly  for  the  left  sides 
of  the  two  retinas.  Cutting  the  right  optic  nerve,  therefore, 
causes  total  blindness  of  the  right  eye,  but  cutting  of  the 
right  optic  tract  blindness  of  the  right  half  of  each  retina 
(hemiaHopia).  It  will  later  be  seen  that  rays  of  light  cross  in 
the  eye  so  that  objects  to  the  left  in  space  form  images  on 
the  right  sides  of  the  retinas;  and  vice  versa  (Figs.  153,  154). 
Consequently  section  or  extensive  disease  of  the  right  optic 
tract  causes  left  heminnopia;  that  is,  blindness  to  objects  on 
the  left  of  the  line  of  vision. 

The  incomplete  crossing  of  the  optic  nerve-fibres  in  man 
is  correlated  with  the  fact  that  his  eyes  are  so  placed  that 
part  of  the  field  of  vision  is  common  to  both.  In  mammals 
whose  eyes  are  so  laterally  placed  that  at  any  given  moment 
the  objects  seen  by  the  two  eyes  are  quite  different,  the  cross- 
ing at  the  oommissure  is  complete:  when  the  eyes  are  placed 
so  that  some  oojeots  can  be  seen  simultaneously  by  the  two 
eyes,  some  fibres  cross,  and  a  greater  numl>er  cross  the  larger, 
the  common  part  of  the  visual  fields.  Even  in  man  more  of 
the  fibres  cross  than  go  direct  to  the  same  side  of  the  brain. 
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The  Microscopic  Structure  of  the  Retina.  A  eirapli- 
fied  fitnituiii,  cuHtuuioiis  with  the  proper  retina,  and  formed 
of  a  layer  of  nucleated  coUuiniar  eel  is,  is  coutiiMied  over  the 
ciliary  processes;  elsewliere  the  iiienibraTje  has  a  very  com- 
plex structure,  and  a  section  taken,  except  at  the  yellow  spot 
or  the  optic  mound,  shows  ten  hiyers,  partly  sensory  appa- 
ratuses and  nerve-tissues,  and  partly  accessory  structures. 

Beginning  (Fig.  144)  on  the  front  side  we  find,  first,  the 
iniernnl  limiting  membrane^  1,  a  thin  structureless  layer- 
Next  conies  the  fierve-fihr**  htfrr,  2,  formed  by  radiating 
fibres  of  the  optic  nerve;  thirds  the  mrve-ccU  layer,  Z;  fourth. 


/ 


Fio    143— The  right  retina  nn  It  wouIhI  Ii#»  f»^n  if  the  froot  part  of  tho  «jeb«ll 
with  the  ItiDH  aiid  vitrt^jiUi  huiimr  were  miiuvt^l. 

the  inner  moUcnlar  lai/er^  4,  consisting  partly  of  very  fine 
nerve-fibrils,  and  largely  of  connective  tissue;  fifth,  the 
iiifier  nuclear  ifff/er,  5,  composed  of  nucleated  cells,  with  a 
small  amount  of  protoplasm  at  each  end,  and  a  noeleolus* 
These  cells,  or  at  any  rate  the  majority  of  tlien^  have  an 
inner  process  running  to  the  inner  molecular  layer  and  an 
outer  running  to,  6,  the  outer  fnolecNlar  layer,  which  is 
thinner  than  the  inner.  Then  comes,  seven tlj,  the  roti  ami 
cone  fihre  lnym\  7,  or  outer  nuclear  layer;  composed  of  thick 
and  thin  fibres  in  each  of  which  is  a  conspieijous  nucleus 
with  a  nncleolns.  Next  is  the  thin  external  Umitiny  mem- 
hrane,  8,  perforated  by  apertures  tbrough  which  the  rofL^  and 
eoneg,  9,  of  the  ninth  layer  join  the  fibres  of  the  seventh. 
Outside  of  all,  next  the  choroid,  is  the  pigmeniary  layer ,  10; 


Ivor;  ti.1 

*  before  iu  ere  n  rcsored.  the  pnniinMi  of  the  ] 

rad  wl«od  «Mil?  ft  sbovt  dktaaet  Iwtwctt  tlie 
ottttr  cfris  of  the  redL  In  MMiliea.  ecrtaiii  f  hra  nm  Terti* 
esllj  thro<i|;li  the  reittui  from  the  inner  t^  the  enter  limiting 
the;  me  kn«vn  as  the  fmdM  jttnfii  mf  Mm 
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and  give  off  lateral  branclies,  wliich  are  especially  uumeroua 
in  the  niolecnliir  hivers.  Like  the  liiiiitiiig  membranes  they 
are  merely  sujiptirting  tissues. 

On  account  oi  the  way  in  which  the  supportiMg  and  essen- 
tial partg  are  mierwoven  in  the  retina  it  is  not  easy  to  track 
the  latter  throngli  it.  There  i»,  however  {Chap,  XXXllI), 
good  evidence  that  light  first  acts  upon  the  rod  and  cone 
layer»  traversing  all  the  thickness  of  itjner  strata  of  the  retina 
to  reach  it,  before  starting  those  changes  which  result  in 
visual  sensations;  and  it  is  therefore  probable  that  the  rods 
and  cones  are  in  direct  continuity  with  the  optic  nerve-fibres. 
Tire  limiting  membranes,  with  the  fibres  of  My  Her  and  their 
branches,  are  undoubtedly  merely  accessory  and  supporting. 

Each  rod  and  cone  consists  of  an  outer  and  an  inner  seg- 
ment. The  outer  segments  of  both  tend  to  split  up  trans- 
versely into  disks  and  are  very  similar,  except  that  those  of 
the  rods  are  longer  than  those  of  the  coneB  and  do  not  taper 
as  the  latter  do.  Moreover,  the  visual  purple  is  entirely  con- 
fined to  the  outer  segments  of  the  rods,  the  cones  containing 
none  of  it.  The  inner  segments  of  the  coites  are  swollen, 
while  those  of  the  rods  are  narrow  and  nearly  cylindrical. 
Over  most  of  the  retina  the  rods  are  longer  and  much  more 
numerous  than  the  cones,  hnt  near  the  ciliary  processes  they 
cease  before  tlie  cones  do;  and  in  the  yellow  spot  elongated 
cones  alone  are  found  In  this  region  the  whole  retina  is 
modified;  at  its  margin  all  the  layers  are  Jnckened  but 
especially  the  nerve-cell  layer^  which  becomes  six  or  seven 
thick,  while  elsewhere  the  cells  are  found  in  hnt  one  or  two 
strata.  Most  of  the  fibres  run  oblirpiely,  reaching  in  to  Income 
continuous  with  the  cones  of  the  central  pit,  which  are  long, 
slender,  and  very  closely  packed.  In  the  fovea  itself  all  the 
layers,  except  thatot  the  cones,  thin  away,  and  thus  the  depres- 
sion is  produced.  The  fovea  is  the  seat  of  most  acute  vision; 
when  we  look  at  an  object  we  always  turn  our  eyes  so  that  the 
light  proceeding  from  it  shall  be  focussed  on  the  two  foveae. 
Where  the  optic  nerve  enters,  all  the  layers  but  the  nerve- 
fibre  layer  (which  is  there  very  thick),  and  the  internal  limit- 
ing meml)ranejj  are  absent. 

The  blood-vessels  of  the  retina  lie  almost  entirely  in  the 
nerve-fibre  and  nerve  cell  layerg. 

The  Refracting  Media  of  the  Eye  are,  in  succession  from 
before  back,  the  cornea,  the  aqueous  humor,  the  cry&taUins 
hns^  and  the  tnireous  humor. 
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The  aqueous  humor  fills  the  space  between  the  front  of 
the  lens,  28,  and  the  back  of  the  cornea.  This  space  is  in- 
completely divided  Iv  the  iris  into  an  anterior  chamber^  30, 
and  a  posterior,  31  (Fig.  142).  Chemically,  the  aqueous  humor 
consists  of  water  liolding  in  solution  a  small  amount  of  solid 
matters,  mainly  common  salt. 

The  crystalline  lens  ( 28,  26,  27)  is  colorless,  transparent, 
and  biconvex,  with  its  anterior  surface  less  curved  than  the 
posterior.  It  is  surrounded  by  a  capsule,  and  the  inner  edge 
of  the  iris  lies  in  contact  with  it  in  front.  In  consistence  it 
is  soft,  but  its  central  layers  are  rather  more  dense  than  the 
outer. 

The  vitreous  humor  is  a  soft  jelly  enveloped  in  a  thin 
capsule,  the  hyaloid  mewhrane.  In  front,  this  membrane 
splits  into  two  layers,  one  of  which,  22,  passes  on  to  be  fixed 
to  the  lens  a  little  m  front  of  its  edge.  This  layer  is  known 
as  the  suspensory  ligament  of  the  lens;  its  line  of  attachment 
around  that  organ  is  not  straight  but  sinuous  as  represented 
by  the  curved  line  between  28  and  2(1  in  Fig.  142.  The  space 
between  the  two  layers  into  which  the  hyaloid  splits  is  the 
canal  of  Petit.  The  vitreous  humor  consists  mainly  of  water 
and  contains  some  salts,  a  little  albumin,  and  some  mucin. 
It  is  divided  up.  by  delicate  inenibranes,  into  compartmenta 
in  which  its  more  liquid  portions  are  imprisoned. 

The  Ciliary  Muscle.  Kunning  around  the  eyeball  where 
the  cornea  joins  the  sclerotic  is  a  lymph-vessel  called  the 
canal  of  Schlemm;  it  is  seen  in  section  at  8  in  Fig.  142. 
Lying  on  the  inner  side  of  this  canal,  just  where  the  iris  and 
the  ciliary  processes  meet,  there  is  some  plain  muscular  tissue, 
imbedded  mainly  in  the  middle  coat  of  the  eyeball  and  form- 
ing the  ciliary  muscle,  which  consists  of  a  radial  and  a 
circular  jmrtion  (Fig.  140).  The  radial  part  is  much  the 
larger,  and  arises  in  front  from  the  inner  surface  of  the  scler- 
otic: the  fibres  pass  back,  spreading  out  as  they  go,  and  are 
inserted  into  the  front  of  the  choroid  opposite  the  ciliary 
processes.  The  circular  part  of  tiie  muscle  lies  around  the 
outer  rim  of  tlie  iris.  The  contraction  of  the  ciliary  muscle 
tends  to  pull  forward  (radial  fibres)  and  press  inward  (circu- 
lar fibres)  the  front  part  of  the  choroid,  to  which  the  back 
part  of  the  suspensory  ligament  of  the  lens  is  closely  at- 
tached. When  this  occurs  the  tension  exerted  on  the  margin 
of  the  lens  by  its  ligament  is  diminished. 

The   Properties   of  Light.      Before   proceeding   to   the 
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fitutly  of  tlie  eye  as  an  optical  instniiiient,  it  is  necessary  to 
recall  briefly  certain  properties  of  light. 

Light  18  cousidereiJ  as  a  form  of  movement  of  the  particles 
of  an  hypothetical  medium,  or  ether,  the  vibrations  being  in 
planes  at  right  angles  to  the  line  of  propagation  uf  the  light. 
When  a  stone  is  thrown  into  a  pund  a  geries  of  circular  waves 
travel  from  that  point  in  a  horizontal  diredinn  over  the 
water,  while  the  particles  of  water  themselves  move  up  and 
down,  and  eauee  the  lurface  inequalities  w^iich  we  see  as 
the  waves.  Somewhat  similarly,  light-waves  spread  out  from 
a  luminous  point,  but  in  the  same  medinm  travel  eijually  in 
all  directions  so  that  the  point  is  surrounded  by  Bhells  of 
spherical  waves,  instead  of  rings  of  circular  waves  travelling 
in  one  plane  only,  as  those  on  the  surface  of  the  water. 
Starting  from  a  luminous  point  light  would  travel  in  all 
directions  along  the  radii  of  a  sphere  of  which  the  point  is 
the  centre;  the  light  propagated  along  one  such  radius  is 
called  a  rafj,  and  in  eiK-h  ray  the  ethereal  particles  swing 
from  side  to  side  in  a  plane  perpendicular  to  the  direction  of 
the  ray.  Taking  a  particle  on  any  ray  it  would  swing  aside  a 
certain  distance  from  it,  then  back  to  it  again,  and  across  for 
a  certain  distance  on  the  other  side;  and  then  back  to  its 
origiiial  position  on  the  line  of  the  ray,  8iich  a  movement  is 
an  oseillaiion,  and  takes  a  certain  time;  in  lights  of  certain 
kinds  the  periods  of  oscillation  are  all  the  same,  no  matter 
how  great  the  extent  or  mnplifride  of  the  oscillation;  jnst  as 
a  given  pendulum  will  always  complete  its  swing  in  the  same 
time  no  matter  whether  its  swings  be  great  or  small.  Light 
composed  of  rays  in  which  the  periods  of  oscillation  hto  all 
equal  is  called  monnchromaiiv  or  simplt  Ughf,  while  light 
made  of  a  mixture  of  oscillations  of  different  periods  is  called 
mixed  or  cow  pound  light. 

If  monochromatic  light  is  steadily  emitted  from  a  point, 
wo  come  at  definite  distances  along  a  ray,  to  particles  in 
the  same  phm^  of  oscillation,  say  at  their  greatest  distance 
from  their  position  of  rest;  Just  as  in  the  concentric  waves 
seen  on  the  water  after  throwing  in  a  stone  we  would  along 
Bny  radms  meet,  at  intervals,  with  water  raised  most  above 
its  horizontal  (ihine  as  the  creat  of  a  wave,  or  depressed  most 
below  it  as  the  hollow  of  a  wave.  The  distance  along  the  ray 
from  crest  to  crest  is  called  a  wave-hnnth  and  is  always  the 
same  in  any  given  simple  light;  but  it  is  different  in  simple 
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lights  of  different  colors;  the  briefer  the  time  of  an  oscillation 
the  less  the  wave-length. 

When  light  falls  on  a  polished  surface  separating  two 
transparent  media,  as  air  and  glass,  part  of  it  is  reflected  or 
turned  back  into  the  first  medium;  part  goes  on  into  the 
second  medium,  and  is  commonly  deviated  from  its  original 
course  or  refracted.  The  original  ray  falling  on  the  surface 
is  the  incident  ray. 

Let  ^  5  (Fig.  145)   be  the 
surface  of  separation;  a  x  the 
incident    ray;    and     U    D   the 
perpendicular  or  normal  to  the 
surface  at  the    point   of   inci- 
dence \  a  X  C  will  then  be  the 
angle  of  incidence.     Then  the 
reflected  ray  makes  an   angle 
of  reflection  with   the    normal 
which  is  equal  to  the  angle  of 
incidence;    and   the    reflected 
ray  lies  in  the  same  plane  as 
the  incident  ray  and  the  nor- 
mal to  the  surface  at  x.     The 
refracted   my  lies  also    in    tlie 
same  jtlaiie  as  the  normal  and 
the  incident  ray,  but  does  not 
continue  in  its  orisrinal  direction,  x  /;  if  the  medium  below 
A  H  be  more  refractive  than  that  above  it,  the  refracted  ray 
is  bent,  as  ./•  //,  nearer  to  the  normal,  and  making  with  it  an 
amjlv  i\f  refnu'tinn.   I>rd,  smaller  than   the  angle  of  inci- 
dence, a  .r  ('.     If,  on  the  contrary,  tlie  second  medium  is  less 
refractiiinr  than  the  first,  the  refracted  ray  r //  is  bent  away 
from  th«  normal,  and  makes  an  angle  of  refraction,  i>  x  ^, 
greater  than  the  an<rle  of  incidence.     The  ratio  of  the  sine  of 
the  anirl^  of  incidence  to  tiiat   of  the  anirle  of  refraction  is 
always  tlie  same  for  the  same   two  media  with   light  of  the   • 
same  wave-length.     When  the  first  medium  is  air  the  ratio  of 
the  sine  of  the  aiiirle  of  refraction  to  that  of  the  angle  of  in- 
cidence is  called  the  refractive  index  of  the  second  medium. 
The  greater  this  refractive  ituiex  the  more  is  the  refracted 
ray  <icviatcd  from  its  (mgitial  course.     Kays  which   fall  per- 
])endiciilarly  on  the  surface  of  separation  of  two  media  pass 
on  without  refraction. 


Fio.  145.— Diagram  illustrating  the 
refraction  of  liirht.  A  B,  surface  of 
separatiftn  between  two  transparent 
media;  C  I),  the  perpendicular  to  the 
■urfac«^  at  the  point  of  incklence.  x; 
a  J",  incident  ray:  -r  rf ,  refracted  ray. 
If  the  second  m«Mliuni  be  denser  than 
the  flrst;  x  </,  rffracteil  ruy,  if  the 
second  inediiini  is  less  r»»fraotive  than 
the  flrst.  The  reflected  ray  is  not 
represented,  but  would  niakean  an^le 
with  f'x,  nqnal  to  the  nnfrle  d  x  C 
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Tire  shorter  the  oscillaljon  periods  of  light-ruys  the  more 
they  are  deviated  by  refraction.     Hence  mixed  light  when 


B 


'-B 


FlQ.  I48»— Diagram  illu^ttratfnji  the  disp«rsfon  of  mlxc^d  IJght  bj  a  prism. 

sent  through  a  prism  is  spread  out,  atid  ileconiposed  luto  its 
eimple  eooBtitiients.  For  let  a  x  (Fig.  146)  be  n  ray  of  mixed 
light  composed  of  a  set  of  short  and  a  6et  of  long  ethereal 
waves.  When  it  fjills  on  the  surface  A  B  of  the  prism,  that 
portion  whirh  enters  will  be  refracted  towards  tfjo  normal 
E  D,  but  the  short  waves  more  than  the  longer.  Hence  the 
former  will  take  the  direction  x  y,  and  the  latter  the  direc- 
tion :r  I,  On  emerging  from  the  prism  both  rays  will  again 
he  refracted,  bnt  now  from  tlio  normals  F  f/  and  G  z,  since 
the  light  is  passing  from  a  more  to  a  less  refracting  medium* 
Again  the  ray  ry,  made  up  of  shorter  wave^>  will  be  most 
deviated,  as  in  the  direction  //  t%  and  the  long  waves  less,  in 
the  direction  z  r.  If  a  screen  were  put  at  >'  .V,  we  won  Id  re- 
ceive on  it  at  separate  points,  v  and  r,  the  two  simple  lights 
which  were  mixed  together  in  the  compound  incident  ray 
ff  jt.     Such  a  separation  of  light -rays  is  called  diyiprsion. 

Ordinary  white  light,  such  m  that  of  the  snn,  is  composed 
of  ethereal  vibrations  of  every  rate,  mixed  together.  When 
Buch  light  is  sent  through  a  prism  it  gives  a  continuous  hand 
of  light-rays,  known  as  the  mlar  spectrum,  reaching  from  the 
lea^t  refracted  to  the  most  refracted  and  shortest  waves.  The 
exceptions  to  this  statement  due  to  Franetdiofer's  lines  (see 
Physics)  are  unessential  for  onr  present  purpose.  All  of  the 
simple  lights  into  which  the  comjiound  solar  light  is  thus 
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separated  do  not,  however,  excite  in  us  visaal  sensations  when 
they  fall  into  the  eye,  but  only  certain  middle  ones.      If  solar 
light  were  used  with  the  prit^ni.  Fig.  146,  certain  least   re- 
fracted rays  between  r  and  >"  would  not  be  seen*  uor  the 
most  refracted  between  r  and  >':  while   between    r  and  r 
would  stretch  a  luminous  band  exciting  in  us  the   series  of 
color  sensations  from  red  (due  to  the  least  refracted  visible 
rays),  through  orange,  yellow,  green,  bright  blue,  and  indigo,  to 
violet,  which  latter  is  the  sensation  aroused  by  the  most  re- 
frangible  visible  rays.     The  still  shorter  waves  beyond  the 
violet  can  only  be  seen  under  special  conditions:  they  are 
known  mainly  by  their  chemical  effects  and  are  called  the 
actinic  ratis;   the  invisible  waves  beyond    the   red    exert  a 
powerful  heating  influence  and  compose  the  dark-heat  rays. 
The  eye,  as  an  orir^u  fur  making  known  to  us  the  existence 
of  ethereal  vibrations,  has,  therefore,  only  a  limited  range. 

Befhiction  of  Light  by  Lenses.  In  the  eye  the  rofract- 
ing  media  have  the  form  of  lenses  thicker  in  the  centre  than 
towards  the  periphery:  and  we  may  here  confine  onrselres 
therefore  to  such  converging  ku^es.  If  simple  light  from  a 
point  J,  Fig.  140,  fall  on  such  a  lens  its  rays,  emerging  on 
the  other  siile,  will  take  new  ilireot ions  after  refraction  and 
meet  aiifw  at  a  point,  a,  after  wiiirh  they  apiin  tiivevge.  If 
a  soreeii,  r  r.  be  heM  at  <»  it  will  theref'Te  receive  an  iniaue 
of  the  luiniTiou?  point  .4.  For  every  «'OTi\erj:ini:  lens  ihfi*e 
is  suoh  a  point  beiiiml  it  at  whioii  the  ra\>  from  a  niven  j»oint 
in  front  of  it  meet:  the  jn^int  of  met^tini:  i>  »\nlled  the  'Onjh- 
gaie  f'cu^  of  the|H»int  from  whioii  th»-  my?  -tart.  If  in^^tead 
of  a  luminous  point  a  huninons  object  iie  j'laoed  in  front  of 
the  leiis  an  ima^'e  of  the  object  will  be  formed  at  a  certain 
distance  behii.d  it.  for  all  rays  pri^*»M»»iiiv£r  from  one  point  of 
the  object  will  meet  in  the  ooi:jii::a:e  foous  of  that  point  be- 
hind.    The  image  is  inverte^i.  as  can  be  readily  seen  from 

Fie.  14  7.     \\\  rays  from  the  point 

.1  of  the  obje^*:  meet  at  the  jwint 

a  of  tile  ima::e:  tiu^se  from  B  at  b^ 

ami  th.'Se  from  i intermediate  points 

at    i:  :trmeiiiate  wsitions.     If  the 

Fir.  m: -rhs^rmm  iru<Tr«?inr     sir^'.v   liTis   were  rei>hu^   bv  sev- 

c  c v.* PiT r.ir  ■•:.*.  era.    .'on.:»:nea    s-  as    to  form    an 

Of'ti'^r"  <'>.'f »«  the  crcneral  rvs:;l:  w.-nl-i  tv  the  Siime.  provided 

the  svstem  were  thicker  in  the  centre  than  a:  the  j^riphery. 
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The  Camera  Ob&cura,  as  used  by  photogmplierB,  is  an  in- 
stnurieiit  whicli  s«?rves  to  illustrate  the  fonuHtiuii  of  iriiiiges 
by  converging  i^y^tems  of  lenses  It  consists  of  a  box  blackened 
inside  and  naviiig  on  its  front  face  a  tube  coutaining  the 
lenses:  the  poBterior  wall  is  inado  of  ground  glass.  If  the 
front  of  the  instrument  be  diructetl  on  exterior  objects,  in- 
verted and  diminished  linages  of  them  will  be  formed  on  the 
ground  ^lassi  those  images  only  are  well  defined,  at  any  one 
timer  which  are  at  such  a  distance  in  front  of  the  instrument 
that  the  conjusfate  foci  t>f  jioints  on  them  fall  exactly  on  the 
glass  behind  the  lens^:  objects  nearer  or  farther  olT  give  con- 
fused and  indistinct  images;  but  by  altering  the  distance  be- 
tween the  lenses  and  the  ground  glass,  in  common  language 
**  focussing  the  instrument,'*  either  can  be  made  distinct.  For 
near  objects  the  lenses  must  be  farther  from  the  surface  on 
which  the  image  is  to  be  received,  and  for  distant  nearer. 
The  reason  of  this  may  readily  be  seen  from  Fig.  148,  If  the 
system  of  lenses  brings  tlie  parallel  rays  a  c  and  b  </,  proceed- 
ing from  an  iutinitely  distant  otjjcct,  to  a  focus  at  r,  then  the 
diverging  raya/e  and  f  d,  proceeding  trom  a  nearer  point, 
will  be  harder  to  bend  round,  so  to  speak,  and  will  not  meet 
until  a  point  y,  farther  behind  the  system  tiian  x  is.  The 
more  divergent  the  rays,  or  what  amounts  to  the  same  thing, 
the  nearer  the  point  they  proceed  from,  the  farther  behind 
the  refracting  system  will  ^  be. 


Fio.  IIS.— DLif^mm  iHoitnitln^  the  nt^d  of  "  foctiMinf  ^*  in  &n  optteftl  instru- 
in«at. 

The  refracting  media  of  the  eye  form  a  convergent  optical 
aysteni,  made  up  of  cornea,  acj neons  humor,  lens,  and  vitreous 
humor  1  hcse  four  media  are  reduced  to  three  practically, 
by  the  lact  that  the  indices  of  refraction  of  tlie  cornea  and 
aqueous  nnrnor  are  the  same,  so  thai  they  act  together  as  one 
convergnig  lens,  l*he  snrfares  at  which  refraction  occurs 
are — (I)  that  tietween  the  air  and  the  cornea,  (*3)  that  between 
the  aqueous  humor  and  the  trnntof  the  lens,  (3)  that  between 
the  Titreous  humor  and  the  back  of  the  lens.     The  refractive 
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indices  of  thoee  media  are—the  air»  1;  the  aqueoiu  hnnuv, 
1.3379;  the  lens  (average),  1.4M5;  the  fitreons  humor, 
1.3379.  From  the  hiws  of  the  refraction  of  light  it  therefore 
follows  that  (Fig.  149)  the  rays  Cd  will  at  the  corneal  sarfaoe 
be  refracted  towards  the  normals  X,  N,  and  take  the  oonrae  d  e. 
At  the  front  of  the  lens  they  will  again  be  refracted  towards 
the  normals  to  that  surface  and  take  the  conrM  e//  at  the 
back  of  the  lens,  passing  from  a  more  refracting  to  m  leas  re* 
fracting  medium,  they  will  be  bent  from  the  normala  IT^  and 
take  the  course /jr.  If  the  retina  be  there,  these  parallel  raja 
will  therefore  be  brought  to  a  focus  on  it.  In  the  resting 
condition  of  the  natural  eye  this  is  what  happens  to  pandkl 
rays  entering  it:  and,  since  distant  objects  send  into  the  eye 
rays  which  are  practically  parallel,  such  objects  are  aeen  dis- 
tinctly without  any  effort,  because  all  rays  emanating  from  a 
point  of  the  object  meet  again  in  one  point  on  the  retina. 

Aooemmodatum.  Points  on  near  objects  send  into  the  eye 
diverging  rays:  these  therefore  would  not  come  to  a  focas  on 
the  retina  but  behind  it,  and  would  not  be  seen  diatinctlyy 
did  not  some  change  occur  in  the  eye;  since  we  can  aee  them 


Fte.  149.— Dia«Tam  itlustrmtinic  the  turfacm  at  which  li^ht  w  refracted  in  tbeeyeu 

quite  plainly  if  we  choose  (unless  thej  be  very  near  indeed), 
there  ninst  exist  some  means  by  which  the  eye  is  focussed  or 
accommodated  for  looking  at  objects  at  different  distances. 
That  some  change  does  occur  one  can,  also,  readily  prove  by 
observing  that  we  cannot  see  distinctly,  at  the  same  moment, 
both  near  and  distant  objects.    For  example  standing  behind 
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a  lace  curtain,  at  a  window,  w*e  can  aa  we  cliooee  look  at 
the  threads  of  the  lace  or  at  the  houses  across  tlie  street;  but 
when  we  look  at  the  one  we  see  the  other  only  iTHlietinctly; 
and  if,  after  looking  at  the  more  distant  uhject,  we  look  at  the 
nearer  we  experience  a  distinct  sense  of  elfort.  It  is  clear, 
then,  tlmt  something  in  the  eye  is  different  in  the  two  cases. 
The  resting  eye,  suited  for  distinctly  seeing  distant  objects, 
might  conceivably  be  accommodated  for  near  vision  in  several 
ways.  The  refracting  indices  of  its  media  might  be  in- 
creased; that  of  course  does  not  happen;  the  physical  prop- 
erties of  the  media  are  the  same  in  both  cases:  or  the  dis- 
tance of  the  retina  from  the  refracting  surfaces  might  be  in- 
creased, for  example  by  compression  of  the  eycljall  by  the 
muscles  around  it;  however,  experiment  shows  that  changes 
of  accommodation  can,  by  stimulating  the  third  cranial  nerve, 
be  brought  about  in  the  fresh  excised  eyes  of  animals  from 
which  the  muscles  lying  outside  the  eyelmll  have  been  re- 
moved, in  which  no  such  compression  is  possible;  we  are  thus 
reduced  to  the  third  exphination,  tliat  the  refracting  surfaces, 
or  some  of  them,  become  more  curved,  and  so  bring  diverging 
rays  sooner  to  a  focus;  for  a  lens  of  smaller  cnrvatnre  is  more 
converging  than  one  of  greater  curvature  composed  of  the 
same  materiaL  Observation  shows  that  this  is  wiiat  actually 
happens:  tlie  corneal  surface  remains  unchanged  when  a  near 
object  is  looked  at  after  a  distant  one,  but 
the  anterior  surface  of  the  lens  becomes  con- 
siderably more  convex  and  the  posterior 
slightly  80.  As  already  pointed  out,  when 
light  meets  the  separating  surface  of  two 
media  some  is  reflected  and  some  refracted. 
If,  therefore,  a  person  be  taken  into  a 
dark  room  and  a  candle  be  held  on  one  side 
of  his  eye  while  he  looks  at  a  distant  object, 
an  observer  can  see  three  images  of  the  0anie 
in  his  pupiLdue  to  that  portion  of  the  light 
reflected  from  the  surfaces  between  the 
media.  One  image  (u.  Fig,  150)  is  erect  and  bright,  reflected 
from  the  convex  mirror  formed  by  the  cornea;  Llie  next,  b^  is 
dimmer  and  also  erect;  it  comes  from  the  front  of  the  lens. 
Tlie  third,  e,  is  dim  and  invf^rted^  being  reflected  from  the 
concave  mirror  (see  Physics)  formed  by  tlie  back  of  the  lens. 
When  the  curvature  of  a  curved  mirror  is  altered  the  size  of 
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the  image  reflected  from  it  is  also  altered,  beooming  smalkr 
when  the  radius  of  curvature  of  the  mirror  is  lessened  and 
vice  versa.  If  the  three  images  be  carefully  watched  while 
the  observed  eye  looks  at  a  near  object  in  the  same  line  as  the 
distant  point  previously  looked  at,  it  is  seen  that  the  image 
due  to  corneal  reflection  remains  unchanged;  that  due  to  light 
from  the  front  of  the  lens  becomes  smaller  and  brighter;  the 
image  from  the  back  of  the  lens  also  becomes  yery  slightly 
smaller.  The  change  in  the  curvature  of  the  front  of  the 
lens  can  be  calculated  from  the  change  in  sixe  of  the  image 
reflected  from  it  when  the  eye  changes  from  distant  to  nesr 
accommodation.  When  a  distant  object  is  looked  at  the 
radius  of  curvature  is  10  mm.  (f  inch),  when  a  very  near 
about  6  mm.  (/^  inch),  and  this  change  is  suflScient  to  so- 
count  for  the  range  of  accommodation  of  the  normal  eye. 

When  the  eye  is  focnssed  for  seeing  a  near  object  the  cir- 
oular  muscle  of  the  iris  contracts,  narrowing  the  piipil»  hot  this 
has  nothing  directly  to  do  with  the  accommodation. 

Accommodation  is  brought  about  mainly  by  the  ciliaiy 
muscle  (Fig.  151).  In  the  resting  eye  it  is  relaxed  and  the 
suspensory  ligament  of  the  lens  is  taut,  and,  pulling  on  its 
edge,  drags  it  out  laterally  a  little  and  flattens  its  surfaces. 


Fio.  151.— Diaffram  to  illustrato  the  mechanism  of  accommodation;  on  therifrht 
half  of  the  flffui-e  for  a  near,  on  ihe  left  for  a  diRtant.  object :  c«.  canal  of  Scblemm; 
c/,  circular  iM>rtion  of  ciliary  muHcle:  r/.  radial  i>ortion  of  ciliary  muscle;  ch,  cQiAry 
pnxH^ss  of  cnuroiii;  W,  HUftpeniiory  lif^^ament;  i,  iris. 

especiully  the  anterior,  since  the  ligament  is  attached  a  little 
in  front  of  the  edge.  To  see  a  nearer  object  the  ciliary  muscle 
is  contracted,  and  according  to  the  degree  of  its  contraction 
slackens  the  suspensory  ligament,  and  then  the  elastic  lens, 
relieved  from  the  latenJ  drag,  bulges  out  a  little  in  the  centre. 
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Short  Sight  and  Iiong  Sight.  In  the  eyt)  the  nuige  of 
accuTiniiothitioii  is  very  great,  allowing  the  rays  from  points 

intinitely  tHstant  up  to  those  from  ^^ 

points  about  eight  inches  in  front  a. 

of  the  eye   to   be   brought   to  ci  

focus  on  the  retiini.     In  the  nor- 
mal eye  pariillel  rays  meet  on  the  

retina  when  the  eiliary  rnusfOe  is 
completely  relaxed  (.1,  Fig.  152), 

SSueh  eyes  arc   emmefropie.     In  

other  eyes  the  eyeball  is  too  long  c 

from  before  hack;  in  the  resting 

etate  iJarallel  rriys  meet  in  front  ^.,„  ,.^    -.. ,,,    ,    ,.     .. 

of  the  retina  (B).     Persona  with  v^^hot  p^inuiei  mys  art^r  emerinsf 

^  -  "»  t?riimetro|iic  t.4J,  a  myopic  {B), 

eueh  eyes,  therefore,  cannot  see  *ud  nhyiifrmeircipkMOeye, 
tJintant  objects  tiistinctly  without  the  aid  of  diverging  (con- 
cave) spectacles;  tliey  are  lihorl-sighivd  qt  mynpie.  Or  the 
eyeball  may  be  too  short  from  before  back;  then,  in  the  rest- 
ing state,  parallel  rays  are  brouglit  to  a  focua  behind  the 
retina  {(*).  To  gee  even  intinitely  distant  objects,  such  per- 
80T18  niutit  therefore  use  their  accommodating  tt]*puratU8  to 
increase  t!ie  converging  power  of  the  lens;  and  when  objects 
are  near  they  cannot,  with  the  greatest  effort,  bring  the  di- 
vergent rnys  proceeding  from  tliem  to  a  focus  soon  enough- 
To  get  distinct  retinal  inuiges  of  near  objects  they  therefore 
need  converging  (convex)  spectacles.  Such  eyes  are  called 
hypermeiropic^  or  in  common  language  hug-^siyhteiL 

Hygienic  Hemarks.  Since  muscular  effort  is  needed  by 
the  normal  eye  to  see  nejir  objects,  it  is  clear  why  the  pro- 
longed conternphition  of  such  is  more  fatiguing  than  looking 
at  more  distant  things.  If  the  eye  be  hypermetropic  still 
more  is  this  apt  Ui  be  the  case,  for  then  the  ciliary  nniscle 
has  no  rest  when  the  eye  is  used,  and  to  read  a  book  at  a  dis- 
tance such  tliat  enough  light  is  reflected  from  it  into  the  eye 
in  order  to  enable  the  letters  to  be  seen  at  all,  requires  an  ex- 
traordinary effort  of  accommodation.  Stn?h  persons  complain 
that  they  can  read  well  enouLd)  for  a  time,  but  soon  fail  to  be 
able  to  see  distinctly.  This  kind  of  weak  eight  shonld  always 
lead  to  examination  of  the  eyes  by  an  oculist,  to  see  if 
glasses  are  neeiled :  otherwise  severe  neuralgic  pains  about 
the  eyes  are  a^it  to  c?ome  on,  and  the  overstrained  organ 
may  be  permanently  injured.     Old   persons  are  apt  to  have 
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snch  eyes;  but  yonog  children  frequently  also  possess  them, 
and  if  so  should  at  once  be  provided  with  spectacles. 

Short-sighted  eyes  appear  to  be  much  more  common  now 
than  formerly,  especially  in  those  given  to  literary  pursuits. 
Myopia  is  rare  among  those  who  cannot  read  or  who  live 
mainly  out  of  doors.     It  is  not  so  apt  to  lead  to  permanent 
injury  of  the  eye  as  is  the  opposite  condition,  but  the  effort 
to  see  distinctly  objects  a  little  distant  is  apt  to  produce  head- 
aches and  other  symptoms  of  nervous  exhaustion.     If  the 
myopia  become  gradually  woi-se  the  eyes  should  be  rested  for 
several  months.     Short-sighted  persons  are  apt  to  have,  or 
acquire,  peculiarities  of  appearance:   their  eyes  are   often 
prominent,  indicative  of  the  abnormal  length  of  the  eyeball. 
They  also  get  a  habit  of '*  screwing '^  up  the  eyelids,  probably 
an  indication  of  an  effort  to  compress  the  eyeball  from  before 
back  so  that  distant  objects  may  be  better  seen.    They  often 
stoop,  too,  from  the  necessity  of  getting  their  eyes  near  ob- 
jects they  want  to  see.     The  acquirement  of  such  habits  may 
be  usually  prevented  by  the  use  of  proper  glasses.     On  the 
other  hand  **  it  is  said  that  myopia  even  induces  })eculiaritie8 
of  character,  and  that  myo)>es  are  usually  unsuspicious  and 
easily  pleased;  being  unable  to  observe  many  Tittle  matters  in 
the  demeanor  or  expression  of  those  with  whom  they  con- 
verse, which,  being  noticed  by  tliose  of  quicker  sight,  might 
induce  feelings  of  distrust  or  aniiovjinee." 

In  old  age  the  lens  loses  some  of  its  elasticity  and  becomes 
more  rigid.  Tliis  leads  to  the  long-sightedness  of  old  people, 
known  as  preifhifopia.  The  stilTer  lens  does  not  become  as 
convex  as  it  did  in  early  life,  when  the  ciliary  muscle  con- 
tracts and  tlie  suspensory  lipiment  is  relaxed.  A  special 
effort  of  accommodation  is  therefore  needed  in  order  to  adapt 
the  eye  to  see  near  objects  distinctly:  and  convex  glasses  are 
required. 

In  all  forms  of  deficient  accommodation  too  strong  glasses 
will  injure  the  eyes  irreparai)]y,  incroasinir  the  defects  they 
are  intended  to  relieve.  Skilled  advice  should  therefore  be 
invariably  obtained  in  their  selection,  except  perhaps  in  the 
lonij^-sififhtedness  of  old  age,  wlien  the  sufferer  may  tolerably 
safely  select  for  himself  any  glasses  that  allow  him  to  read 
easily  a  book  about  30  centimeters  (12  inches)  from  the  eye. 
As  age  advances  stronger  lenses  must  usually  be  obtained. 

Optical  Defects  of  the  Eye.     The  eye,  though  it  answers 
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admirably  as  a  physiological  iostrument,  is  by  no  means  per- 
fect opticiiUy;  not  nearly  so  good,  for  example,  as  a  good 
microscope  objective.     The  main  defects  in  it  are  due  to — 

1.  Vkromitiic  AberrntioH.  As  already  pointed  out,  the 
rays  at  the  violet  end  of  the  eolur  spectnmi  are  more  refran- 
gible than  those  at  ihe  red  end.  Hence  they  are  brought  to  a 
focus  sooner.  The  light  emanating  from  a  point  on  a  white 
object  does  not,  therefore,  all  meet  in  one  point  on  the  retina; 
but  the  violet  rays  come  to  a  focus  tirst,  then  the  indtgo,  and 
80  on  to  the  red,  farthest  back  of  all.  If  the  eye  is  accommo- 
dated 8o  as  to  bring  to  a  focus  on  the  retina  jjarallel  red  rays, 
then  violet  rays  from  the  same  source  will  meet  half  a  milli- 
meter in  front  of  it,  and  crossing  and  diverging  there  make 
a  little  violet  circle  of  difuffion  around  the  red  point  on  the 
retina.  In  optical  instrunionts  this  defect  is  remedied  by 
combining  together  lenses  made  of  different  kinds  of  glass; 
such  compound  lenses  are  called  achromatic* 

The  general  result  of  chromatic  aberration,  as  may  be  seen 
in  a  bad  opera-glass^  is  to  cause  colored  borders  to  appear 
around  the  edges  oi  the  images  of  objects.  In  the  eye  we 
usually  do  not  notice  such  borders  unless  we  especially  look 
for  them;  but  ify  while  a  white  surface  is  looked  at,  the  edge 
of  an  opaque  body  be  brought  in  front  of  the  eye  so  as  to 
cover  half  the  pupil,  colorations  will  Ikj  seen  at  its  margin. 
If  accommodation  be  inexact  they  appear  also  when  the 
boundary  between  a  white  and  a  black  surface  is  observed. 
The  plienomena  due  to  chromatic  aberration  are  much  more 
easily  seen  if  light  containing  only  rod  and  violet  rays  be  used 
instead  of  white  light  containing  all  tbe  rays  of  intermediate 
refrangjbility*  Ordinary  blue  glass  only  lets  through  these  two 
kinds  of  rays.  If  a  l>it  of  it  be  placed  over  a  very  small  bole 
in  an  opaque  shutter  and  sunlight  be  admitted  through  the 
hole»  it  will  be  fouml  that  with  one  accommodation  (that  for 
the  red  rays)  a  red  point  is  seen  with  a  violet  border,  and 
with  another  (that  at  which  violet  rays  are  brought  to  a  foctts 
on  the  retina)  a  violet  \mh\l  is  seen  with  a  red  aureole* 

2,  Siihtriral  AherrfttiiiH.  It  is  not  quite  correct  to  state 
that  ordinary  lenses  bring  to  a  focrus  in  one  point  behind  tliem 
rays  iiroceeding  from  a  point  in  front,  even  when  these  are 
all  of  the  same  refrangibility.  Convex  lenses  whose  surfaces 
are  segments  of  spheres*  as  are  those  of  the  eye,  briirg  to  a 
focus  sooner  tlie  rays  which  pass  through  their  marginal  than 
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those  poseiug  through  their  centnil  purts.  If  rajs  proceeditig 
from  u  |ioiut  ami  iruversiiig  the  hiternl  part  of  a  lens  be 
bruugiii  lu  »  focus  at  titiy  point,  then  thoee  passing  throngk 
the  cenlre  of  the  lens  will  not  meet  until  a  little  beyond  that 
point.  If  the  retina  receive  the  image  formed  by  the  periph- 
eral raya  the  others  will  form  around  this  a  small  lu  mi  tious 
circle  of  light — euch  as  would  be  formed  by  sections  of  the 
cones  of  converging  rays  in  Fig.  140,  taken  a  little  iu  froiit 
of  r  r.  This  defect  exists  in  all  glass  lenses,  as  it  is  fouod 
impossible  in  practice  to  grind  them  of  the  non-gphertcal 
curvtitures  necessurv'  to  avoid  it.  In  oar  eyes  its  «?ffec;t  ts  to 
a  large  eitent  corrected  itt  the  following  ways — (n)  The 
opa(|ue  iris  cuts  off  many  of  the  external  and  more  stroiiglj 
refracted  rays,  preventing  ihem  from  reaching  the  retiiin. 
{h)  The  outer  layers  of  the  lenf?  are  less  refracting  than  the 
central;  hence  the  rays  passing  through  its  penpheml  parts 
are  less  refracted  than  those  passing  nearer  its  axis, 

3.  Irregulnrities  in  Curminrf.  The  refracting  surfaces 
of  our  eyes  are  not  even  truly  spherical;  this  is  especially  the 
case  with  the  cornea,  which  is  very  rarely  curved  to  the  sauue 
extent  iii  its  vertical  and  horizontal  diameters.  Suppose  the 
Tertical  meridian  to  be  the  most  curved;  then  the  rays  pro- 
ceeding from  pc»ints  along  a  vertical  line  will  be  brought  to  a 
focus  sooner  than  those  from  points  on  a  horiaontal  line.  If 
the  eye  is  accommodated  to  see  distinctly  the  vertical  line*  it 
will  see  indistinctly  the  horiiontal  and  nc€  mrsa^  Few- 
people  therefore  see  e<iually  clejirly  al  once  two  Usee  crossing 
one  another  at  right  angles.     The  phenomenon  is  most  obvi- 

oU8»  however,  when  a  series  of 
concentric  circles  (Fig.  153)  is 
looked  at :  then  when  the  lities 
appear  sharp  along  some  sec- 
tors, they  are  dim  along  the 
rest.  When  this  defect,  known 
as  asiti^aiismn  is  marked  it 
causes  serious  troablea  of  ris- 
ion  and  requires  pecoltarly 
shaped  glasses  to  ooonteract 
it 

4.    OpmfU€  B^M  in  (hm 
Rf/rttciim^  Miduu      In   dti 
opaque  (nslsracif)  mad 
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removal;  or  opacities  from  nlcers  or  wounds  may  exist 
on  the  cornea.  But  even  in  the  best  eye  there  are  apt  to  be 
small  opnqtr^lySSies  in  the  vitreoua.  bpmor  causing  musca 
volitanies;  that  is,  the  appearance  of  minute  bodies  floating 
in  space  outside  the  eye,  but  changing  their  position  when 
the  position  of  the  eye  changes,  by  which  fact  their  origin  in 
internal  causes  may  be  recognized.  Many  persons  never  see 
them  until  their  attention  is  called  to  their  sight  by  some 
weakness  of  it,  and  then  they  think  they  are  new  phenomena. 
Visual  phenomena  due  to  causes  in  the  eye  itself  are  called 
ejitoptic;  the  most  interesting  are  those  due  to  the  retinal 
blood-vessels  (Chap.  XXXIII.).  Tears,  or  bits  of  the  secre- 
tion of  tlie  Meibomian  glands,  on  the  front  of  the  eyeball 
often  cause  distant  luminous  objects  to  look  like  ill-defined 
luminous  bands  or  patches  of  various  shape.  The  cause  of 
such  appearances  is  readily  recognized,  since  they  disappear 
or  are  changed  after  winking. 


CHAPTER  XXXIII. 
THE  EYE  AS  A  SENSORY  APPARATUS. 

The  Excitation  of  the  Visual  Apparatus. — The  excitable 
yisual  apparatus  for  each  eye  consists  of  the  retina,  the  optic 
nerve,  and  the  brain-centres  connected  with  the  latter;  how- 
ever stimulated,  if  intact,  it  causes  visual  sensations.  In  the 
great  majority  of  crises  its  excitant  is  objective  light,  and  so 
we  refer  all  stimul.itions  of  it  to  that  cause,  unless  we  have 
special  reason  to  know  the  contrary.  As  already  jK>iiited 
out  pressure  on  the  eyeball  causes  a  luminous  sensation 
(phosphene),  which  suggests  itself  to  us  as  dependent  on  a 
luminous  body  situated  in  space  where  such  an  object  must 
be  in  order  to  excite  the  same  part  of  the  retina.  Since  all 
rays  of  li^^ht  penetrating  the  eye,  except  in  the  line  of  its 
long  axis,  cross  that  axis,  if  we  press  tlie  outer  side  of  the 
eyeball  we  get  a  visual  sensatinn  referred  to  a  luminous  body 
on  the  nasal  side;  if  we  press  below  we  see  the  luminous 
j)atch  above,  and  so  on. 

Of  course  dilTerent  rays  entering  the  eye  take  different 
paths  through  it,  but  on  general  optical  principles,  which 
cannot  liere  be  detailed,  we  may  trace  all  oi)lique  rays  through 
the  organ  by  assuming  tliat  they  meet  and  leave  the  optic 
axis  at  what  are  known  iis  the  ntKlal  points  of  the  system; 
these  {kk'\  Kig.  154)  lie  near  togetlier  in  the  lens.  If  we 
want  to  tind  where  rays  of  light  from  .1  will  meet  the 
retina  (the  eye  being  properly  accommodated  for  seeing  an 
object  at  tluit  distance)  we  draw  a  line  from  .1  to  k  (the  first 
nodal  iH)int)  an*!  then  another,  parallel  to  the  first,  from  k' 
(the  second  nodal  point)  to  the  retina.  The  nodal  points  of 
the  eye  lie  so  near  together  that  for  practical  purposes  we 
may  treat  them  as  ono  (/•,  Fig.  1.").")),  ])laced  near  the  back  of 
the  lens.  Hy  manifold  exi>erience  we  have  learnt  that  a 
luminous  body  (J,  Fi<r.  1  ">."))  which  we  see,  always  lies  on  the 
prolongation  of  the  line  joining  the  excited  part  of  the  retina, 
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flf,  and  the  nodal  point  k\  Hetice  any  excitation  of  tbai  part 
of  the  retiijit  iiutkes  us  think  of  a  Inniiiious  body  somewJiere 
on  the  line  a  Ay  and,  siniilurly,  imy  excitation  of  b,  of  a  body 


B 

Fro.  IM,— niAcram  itluBtnitlniir  the  pointu  »t  whtcli  iiK-itlfut  mj  h  uiwt  the  retina. 

«^t*  lit  a  wouitl  W  forniml,  were  thr  evn  prr^ptrly  aecoutiDodated  fur  \i  ;  a,  Iha 
rt*tliiHl  jioitit  wli«fre  the  Itnafce  ot  A  would  bn  fimmoil. 

on  tbe  line  h  J?  or  its  prolongation.  It  is  only  other  conflict- 
ing experiences,  as  that  with  the  eyes  closed  external  bodies 
do  not  excite  visual  sensations,  and  tbe  constant  conneotioo 
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Fro.  1 A5.— Df Agraminailc  kk^iIod  throueti  the  eyeball,    ^x,  optic  axli :  k,  nodAl 


of  the  pressure  felt  on  the  eyelid  with  the  visual  sensation, 
that  enable  ns  when  we  press  the  eyeball  to  conclude  that,  in 
spite  of  what  we  seem  to  see^  the  himinous  setisation  \h  not 
dne  to  objective  lis<ht  from  outside  the  eye. 

The  Idio-Retinal  Light.— 'I'he  eyelids  are  not  by  any 
means  perfectly  opiKpie  ;  in  ordinary  daylight  tbey  still  allow 
a  considerable  ^[iiantity  of  lifjht  to  penetrate  tlie  eye,  as  any 
one  may  observe  by  passing  hi&i  hand  in  front  of  tbe  closed 
eyes.  But  even  in  a  dark  room  with  tbe  eyes  completely 
covered  up  so  that  no  objective  light  can  enter  them,  there  is 
still  experienced  a  small  amount  of  visual  sensation  due  to 
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internal  causeB.  The  field  of  Tieion  is  not  absolatelj  dark 
but  slightly  Itiminous,  with  brighter  fleeting  patchea  traveriB- 
ing  it.  These  are  especiully  noticeable*  for  example^  in  try- 
ing to  see  and  grope  one's  way  with  the  eyes  open  up  a  per- 
fectly dark  staircase.  Then  the  luminous  patches  altraci 
special  attention  because  they  are  apt  to  be  taken  for  the 
signs  of  objective  realities;  they  l>econie  very  manifest  when 
any  Hudden  jar  of  the  Body,  due  for  example  to  knocking 
against  something,  occurs;  and  have  no  doubt  given  rise  to 
many  ghost  stories.  These  \isiial  sensations  feit  in  the  ab- 
sense  of  all  external  stimiilutiun  of  the  eyes,  may  for  eouveui- 
ence  be  spoken  uf  as  due  to  tire  uiio'Vetinal  Jitjht, 

Tbe  Excitation  of  the  Visual  Apparatus  by  liight. — 
Light  only  excites  the  retina  when  it  reurhes  its  nerve  end 
organs,  the  rads  and  conea.    The  proofs  of  this  are  severaL 


1.  Light  does  not  arouse  vis^ial  sensations  when  it  /nils 
direct  1 1^  on  the  fibres  of  the  optic  nerve,  Wliere  this  nerve 
enters  there  is  a  retinal  part  possessing  only  nerve-fibres, 
and  this  part  is  blind.  Close  the  left  eye  and  look  steadily 
with  the  right  iit  the  cross  in  Fig.  15t>,  holding  the  book  verti- 
cally in  front  of  the  face,  and  moving  it  to  and  fro.  It  willji 
be  found  that  at  about  '25  centimeters  (10  inches)  oflf  the 
white  circle  disappears  ;  but  when  the  page  is  oiearer  or 
farther,  it  is  seen.  During  the  ex]>eriment  the  easse  must  be 
kept  fixed  on  the  cross.  There  is  thus  in  the  field  of  vision  a 
blind  spot,  and  it  is  easy  K)  show  by  measurement  that  it  lies 
where  the  optic  nerve  enters* 

When  the  right  eye  is  fixed  on  the  cross,  it  is  so  directed 
that  rays  from  this  fall  on  the  yellow  spot  (//,  Fig.  157)* 
The  rays  from  the  circle  then  cross  the  visual  axis  at  the 
nodal  point,  «,  and  meet  the  retina  at  o.  If  the  distance  of 
the  nocJal  point  of  the  eye  from  the  paper  be/,  and  fro] 
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the  retina  (which  iu  15iiitn<)  be  F^  then  the  distance,  on 
the  paper,  of  the  croB^  from  the  circle  will  be 
to  the  diBtance  of  ^  from  o  aa/  is  to  F.  Meas- 
urements made  in  this  way  show  that  the  circle 
disappears  when  its  image  is  thrown  on  the 
entry  of  the  optic  nerve,  which  lies  to  the  nasal 
side  of  the  yellow  spot. 

2.  The  above  experiment  having  sfiown  that 
light  does  not  act  directly  on  the  optic  nerve- 
fi  bres  any  more  tJian  it  does  on  any  other  nerve- 
fibres,  w^e  have  next  to  see  in  what  part  of  the 
retina  those  changes  do  first  occur  which  form 
the  link  between  light  and  nervous  impulses. 
The^j  acrnr  in  fhe  ot((er  part  of  ihe  reiiati,  in 
ike  rods  and  cones.  This  is  proved  by  what  is 
called  Pnrkinje's  experiment.  Take  a  candle  in- 
to a  dark  room  and  look  at  a  surface  not  covered 
with  any  special  pattern,  say  a  whitewashed  wjill 
or  a  plain  window-shade.  Hold  the  candle  to  the  side  of  one 
eye  and  close  to  it,  but  so  far  hack  that  no  light  enters  the 
pupil  from  it;  that  is  so  far  back  that  the  flame  jnst  oaU' 
not  be  seen,  hut  so  that  a  strong  light  i^  thrown  on  tlie  white 
of  the  eye  as  far  back  as  possible.  Then  move  the  candle  a 
lirtle  to  and  fro.  The  surface  looked  at  will  appear  luminous 
with  reddisJv-yellow  light,  and  on  it  will  be  seen  dark  branch- 
ing lines  which  are  the  shadows  of  the  retinal  vessels.  Now 
in  order  that  these  shadows  may  be  seen  the  parts  on  which 
the  light  acts  must  be  behind  the  vessels,  that  is  in  the  outer 
layers  of  the  retina  since  the  blood  vessels  lie  in  its  inner 
strata.  The  experiment  may  l>e  nnire  satisfactorily  performed 
by  getting  another  person  to  focus  with  a  lens  the  light  of 
the  candle  as  a  bright  spot  as  far  back  as  possible  on  the  white 
of  the  observer's  eye. 

If  the  light  be  kept  steady  the  vascular  shadows  soon  dis- 
a]>pear  ;  in  order  to  continue  to  see  them  the  candle  must  be 
kept  moving.  The  explanation  of  this  fact  may  readily  be 
made  clear  by  fixing  the  eyes  for  ten  or  fifteen  seconds  on  the 
dot  of  an  "  i '^  somewhere  about  the  middle  of  this  page  :  at 
first  the  distinction  between  the  slightly  luminou!*  black 
letters  and  the  highly  luminous  wbite  page  is  very  obvious  ; 
in  other  words,  the  d liferent  sensations  arising  from  the 
strongly  and  the  feebly  excited  areas  of  the  retina*     Bnt  if 
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the  glance  do  not  be  allowed  to  wander,  very  soon  the  letters 
become  indistinct  and  at  last  disappear  altogether  ;  the  whole 
page  looks  uniformly  grayish.     The  reason  of  this  is  that  the 
powerful  stimulation  of  the  retina  by  the  light  reflected  from 
the  white  part  of  the  page  soon  fatigues  the  part  of  the  visual 
apparatus  it  acts  upon  ;  and  as  this  fatigue  progresses  the 
stimulus   produces  less  and   less  effect.     The  parts   of    the 
retina,  on  the  other  hand,  which  receive  light  only  from  the 
black  letters  are  but  little  stimulated  and  retain  much  of  their 
original  excitability,  so  that,  at  last,  the  feebler  excitation  act- 
ing upon  these  more  irritable  parts  produces  as  much  sensa- 
tion as  the  stronger  stimulus  acting  upon  the  fatigued  parts; 
and  the  letters  become  indistinguishable.     To  see  them  con- 
tinuously we  must  keep  shifting  the  eyes  so  that  the  parts  of 
the  visual  apparatus  are  alternately  fatigued  and  rested,  and 
the  general  irritability  of  the  whole  is  kept  about  the  same. 
So,  in  Purkinje*s  experiment,  if  the  position  of  the  shadows 
remain  the  same,  the  shaded  part  of  the  retina  soon  becomes 
more  irritable  than  the  more  excited  unshaded  parts,  and  its 
relative  increase  of  irritability  makes  up  for  the  less  light 
falling  on  it,  so  that  the  shadows  cease  to  be  perceived.     It  is 
for  this  reason  tliat  we  do  not  see  the  retinal  vessels  under  ordi- 
nary circumstances.     When  light,  as  usual,  enters  the   eye 
from  front  tlirough  the  pupil  the  shadows  always  fall  on  the 
same  parts  of  the  retina,  and  these  parts  are  thus  kept  suffi- 
ciently more  excitable  than  the  rest  to  make  up  for  the  less  light 
reacliing  them  through  the  vessels.     To   see  the  latter  we 
must  tlirow  the  light  into  the  eye  in  an  unusual   direction, 
not  through  tlie  pupil  but  laterally  through  the  sclerotic.     If 
V,  Fig.  158,  be  tlie  section  of  a  retinal 
vessel,  ordinarily  its  shadow  will  fall 
at   some   point   on   a   line    prolonged 
throuirh  it  from  the  centre  of  the  pupil. 
If  a  oandh'  llanie  be  held  opposite  b  it 
ilhuninates  that  )»art   of   tlie  sclerotic 
and  from  there  liirht  radiates  and  illu- 
mines the    interior  of   the   eye.     The 
resulting   sensation   we  refer  to  light 
entering  tlie  eye  in  the  usual  manner 
through  the  pupil,  and  accordingly  see 
the  surface  we  look  at  as  if  it  were  illiuninated.     The  shadow 
of  r,*is  now  cast  on  an  unusual  spot  i\  and  we  see  it  as  if  at  the 
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point  d  on  the  wall,  on  the  prolongation  of  the  line  joining 
the  nodal  point,  k,  of  the  eye  with  c.  If  theaindle  be  moved 
80  as  to  iihiniinate  the  point  b'  of  the  st^lerotic,  tlie  shadow  of 
t;  will  be  cast  on  (*'  and  will  accordiogly  seeia  on  the  wall  to 
move  from  rl  to  d\  It  is  ulear  thtit  if  we  know  how  far  S  is 
from  b\  how  far  the  wall  is  from  ^he  eye,  and  Ijow  far  the 
nodal  point  is  from  the  retina  (15  mm,  or  0.6  inch),  and 
measure  the  distance  on  the  wall  from  d  to  d%  we  can  calcu- 
late  how  far  c  la  from  c/ 1  and  then  how  far  the  vessel  throwing 
the  shatiow  must  he  in  front  of  the  retinal  parts  perceiving 
it.  In  this  way  it  is  found  that  the  part  seeing  the  shadow, 
that  is  thehweron  which  light  acts,  is  just  about  as  far  be- 
hind the  retinal  vessels  as  the  main  vascular  tnniks  of  the 
retina  are  in  front  of  the  rod  and  cone  layer.  It  is,  there- 
fore, in  that  layer  that  the  light  initiates  those  changes  which 
give  rise  to  nervous  impulses  ;  which  is  fnrthermade  obvioua 
by  the  fact  that  the  seat  of  most  acute  vision  is  the /(r/r<?a  ven^ 
traits,  wiiere  only  this  layer  and  the  cone-fibres  diverging 
from  it  are  present.  When  we  want  to  see  anything  dis- 
tinctly we  always  turn  our  eyes  so  that  its  image  shall  fall  on 
the  centres  of  the  yellow  spots. 

The  Vision  Purple.  How  light  acta  in  the  retina  so  as  to 
produce  nerve  stimuli  is  still  uncertain.  Recent  observations 
show  that  it  produces  chemical  changes  in  the  rod  and  cone 
layer,  and  seemed  at  first  to  indicate  that  Its  action  was  to 
produce  'substances  which  were  chemical  excitants  of  nerve- 
fibres  ;  but  although  there  can  be  little  doubt  that  these 
chemical  changes  play  some  important  part  in  Tiflion,  what 
their  rule  may  be  is  at  present  fjuite  obscure.  If  a  perfectly 
fresh  retina  l>e  excised  rapidly,  its  outer  layers  will  be  found 
of  a  rich  purple  color.  In  daylight  this  rapidly  bleaches,  but 
in  the  dark  persists  even  when  putrefaction  has  set  in.  In 
pure  yellow  light  it  also  remains  unbleached  a  long  time,  but 
in  other  lights  disappears  at  diflerent  rates.  If  a  rabbit's  eye 
be  fixed  immovably  and  exposed  so  that  an  image  of  a  window  i 
is  focused  on  the  same  part  of  its  retina  for  some  time,  and 
then  the  eye  be  rapildy  excised  in  the  dark  and  placed  in 
solution  of  potash  alum,  a  colorless  image  of  the  window*  is 
found  on  the  retina,  surrounded  by  the  visual  purple  of  the 
rest  which  is,  through  the  alum,  fixed  or  rendered  incapable 
of  change  by  light.  Photograplis,  (»r  optograms,  are  thus  ob- 
tained which  differ  from  the  photographer's  in  that  he  naes 
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light  to  produce  chemical  changes  which  giTe  riae  to  colored 
bodies,  while  here  the  reverse  is  the  case.    If  the  eye  be  not 
rapidly  excised  and  put  in  the  alum  after  its  exposure,  the. 
optogram  will  disappear  ;  the  vision  purple  being  rapidly  re-^ 
generated  at  the  bleached  part.    This  reproduction   of  it   is 
due  mainly  to  the  cells  of  the  pigmentary  layer  of  the  retina, 
which  in  living  eyes  exposed  to  light  thrust  long  processes 
between  the  rods  and  cones.    Portions  of  frogs'  retinas  raised 
from  this,  bleach  more  rapidly  than  those  left  in  contact  with 
it,  but  become  soon  purple  again  if  let  fall  back  upon    the 
pigment-cells.      Experiments  show,  however,  that  animals 
(frogs)  exposed  for  a  long  time  to  a  bright  light  may  have 
their  retinas  completely  bleached  and  still  see  very  well;  they 
can  still  unerringly  catch  flies  that  come  within  their  reach  ; 
and  they  can  also  distinguish  colors,  or  at  least  some  colors, 
as  green.     Moreover*  the  vision  purple  is  only  found  in  the 
outer  segments  of  the  rods  ;  there  is  none  in  the  cones,  and 
yet  these  alone  exist  in  the  yellow  sjK^t  of  the  human   eye, 
which  is  the  seat  of  most  acute  vision:  and  animals,  such  as 
snakes,  which  have  only  cones  in  the  retina.  }^>ossess  no  vision 
purple  and  nevertheless  see  very  well. 

li  maylHMliat  other  b^Mlies  exist  in  the  retina  which  are 
also  clu'inirally  chanireil  by  liirhi,  Imt  the  changes  of  wliich 
are  n«>:  aiN'«>m;viiiitHi  hy  altorari«»iis  in  cul«»r  which  we  can  see; 
and.  in  the  absence  of  the  vision  piirj^le,  stving  mi^jrht  be 
carrictl  on  by  moans  of  tliese.  whioii  may  i>e  less  quickly 
destfoyc'l  by  light  and  so  still  |K»rsist  in  the  bit-ached  retinas 
of  ihf  fri»j:s  above  mentioned.  For  the  present,  however,  the 
questitMi  nf  the  part,  if  any,  played  in  vision  by  such  bodies 
must  l»e  left  an  oiK-n  one  :  and  the  possiiiility  tliat  the  roils 
and  Cones  form  an  aj^paratns  whicli  directly  converts  ethereal 
vibrations  into  nerve  stimuii  without  any  inii-rvening  chemi- 
cal process  must  i»e  borne  in  muni. 

The  Intensity  of  Visual  Sensations.  Liglit  considered  as 
a  form  uf  eiu-riiy  may  vary  in  <.;na!i:i:y  :  piiysi-ilogically,  also, 
we  distinguish  quaniirative  c»ilTi'rc!ices  in  li^'h:  as  degrt»es  of 
brightness,  bnt  tlu*  connection  ri-twcon  v,w  ::. tensity  of  the 
sensati'-n  i-xciti-d  and  tiie  <iuaTiti:y  of  et.^rjv  reprt'senteii  by 
thf  stimulating  li::ht  is  not  a  diivc:  o:;c.  1:;  tin-  tirst  place, 
s<»me  rays  fxcite  our  \isnal  ai'para:::s  n-.^rv  p^.werfnily  than 
others  :  a  jiven  amount  of  e!u*ri:\  iv.  tiu'  fi»rni  i-f  yi-llow  light, 
for  example,  causes  more  |H^wer:ul  visual  sor»s:itions  than  the 
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same  rjUfiutity  of  energy  in  the  form  of  violet  light;  aiui  ultra- 
violet ruys  only  become  visible,  and  then  very  fuintly,  when 
all  others  are  suppressed;  but  if  they  be  passed  tlirough  some 
fluoreseent  substance  (.'^ee  Physics),  sucli  as  an  acid  solution 
of  quinine  *-uilphate,  whieh,  without  altering  the  amoont  of 
energy,  turns  it  into  ethereal  oscillations  of  a  longer  period, 
then  th*.^  light  becomes  readibly  percefUible, 

Even  with  light-ruvH  of  the  suiiie  uticillation  period  our  sen- 
saiion  ia  not  [proportional  to  tlie  amonnt  of  energy  in  the 
light;  to  the  amount  of  heat,  for  example,  to  which  it  wonld 
give  rise  if  all  transformed  into  it.  If  objective  light  inerease 
gradually  in  amount  our  sens^atiun  increases  also,  up  to  a  limit 
beyond  which  it  does  not  go,  no  matter  how  strong  the  light 
becomes;  but  the  increjise  of  sensation  takes  place  far  more 
slowly  tlitan  that  of  the  ligljt,  in  accordance  with  the  psycho- 
physical law  already  mentioned.  If  we  call  the  amount  of 
light  given  nut  by  a  single  eaiuJIe  at,  then  ihat  emitted  by  two 
candles  will  be  *^«;  and  so  on.  If  the  amount  of  sensation 
excited  by  the  single  candle  be  A,  then  that  due  to  two  can- 
dles will  not  he  2 A,  and  that  In*  three  will  be  far  les?  than  2A, 
If  a  white  snrface,  F^  Fig  150,  be  illuminated  by  a  candle  at 
c  and  another  elsewhere,  and  a  rod,  a,  be  placed  so  as  to  in- 
tercept the  light  from  r,  but  not 
that  from  the  other  candle,  we  see 
clearly  a  shadow,  since  our  eyes 
recognize  tlie  diJTerenee  in  luminos- 
ity of  this  part  of  the  pafier,  reflect- 
ing light  from  nneeainlleonfy,  from 
tliut  of  the  rest  which  is  illuminated 
by  two:  that  is  wa  can  tell  the  sensation  due  to  the  stimnUis 
a  from  that  dne  to  the  sti nudn?  '2ft.)  If  now  a  bright  lamp  he 
brongiit  in  and  phiced  alongside,  iind  its  light  be  physically 
equal  to  that  «jf  W  candles,  we  ceiise  to  perceive  the  shtidow.v. 
We  tind  the  sensation  aroused  by  objective  light  ^  V2tt  (due 
to  the  lamp  and  two  candles)  cannot  be  told  from  that  due  to 
light  =:  lla;  although  the  dilTerence  of  objective  light  i%  still 
1(?  as  before.  Most  persons  must  have  observed  illustrations 
of  this.  Sitting  in  a  room  with  three  lights  not  iinfrequenlly 
some  object  bo  interct^pts  the  light  from  two  as  to  cast  on  the 
wall  two  shadows  which  partly  overlap.  Where  the  shadows 
overlap  the  wall  gets  light  only  from  the  third  nnndh^:  iiround 
chat,  where  each  shadow  is  separate,  it  is  illuminated  by  this 
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and  oue  other  candle;  and  the  wall  in  the  neighborhood  o! 
the  shadows  by  all  three.  Objectively,  therefore,  the  differ- 
ence between  the  deep  shadow  and  half  shadow  is  that 
between  the  light  of  one  candle  and  that  of  two.  The  differ* 
ence  between  the  half  shadows  and  the  wall  around  is  that 
between  the  light  of  two  and  three  candles.  But  as  a  matter 
of  sensation  the  difference  between  the  half  shadow  and  the 
full  shadow  seems  much  greater  than  that  between  the 
half  shadow  and  the  rest  of  the  wall;  in  other  words  the 
difference,  a,  between  a  and  2a,  is  a  more  efficient  stimnlus 
than  the  same  difference,  a,  between  2a  and  3a.  When  the 
total  stimulus  increases  the  same  absolute  difference  is  less 
felt  or  may  be  entirely  unperceived.  An  example  of  this 
which  every  one  will  recognize  is  afforded  by  the  invisibility 
of  the  stars  in  daytime. 

On  the  other  hand,  as  the  total  stimulus  increases  or  de- 
creases the  same  fractional  difference  of  the  whole  is  per* 
ceived  with  the  same  ease;  i.e.,  excites  the  same  amount  of 
sensation.  In  reading  a  book  by  lamplight  we  perceive 
clearly  the  difference  between  the  amount  of  light  reflected 
from  the  black  letters  and  the  white  page.  If  we  call  the 
total  lamplight  reflected  by  the  blank  parts  10a  and  that  by 
the  letters  2^,  we  may  say  we  jierceive  with  a  certain  distinct- 
ness a  himinoiis  difference  equal  to  one  fifth  of  the  whole. 
If  we  now  take  the  book  into  the  daylight  tlie  total  light  re- 
flected from  the  letters  and  the  unprintcd  part  of  the  page 
increases,  but  in  the  same  proportion.  Say  the  one  now  is 
50</ and  tlie  other  10a:  althonirh  the  absolute  difference  l)e- 
tween  the  two  is  now  40^/  instead  of  8f/  we  do  not  see  the 
letters  any  more  j^lainly  than  before.  The  smallest  difference 
in  luminous  intensity  wliich  we  can  perceive  is  alxMit  jhv  ^^ 
the  whole,  for  all  tlie  ransre  of  lights  we  use  in  carrying  on 
our  onlinary  ocimi  pat  ions.  For  stroiig  lights  the  smallest  j>er- 
ceptible  fraction  is  considerably  greater:  tinally  we  reach  a 
limit  where  no  increase  in  brightness  is  felt.  For  weak 
illumination  tiie  sensation  is  more  nearly  ]^roportioned  to  the 
total  differences  of  the  objociive  light.  Thus  in  a  dark  room 
an  object  reflecting  all  the  little  light  that  reaches  it  appears 
almost  twice  as  bright  as  one  retlecling  oiily  half:  in  a 
stronger  light  it  would  so  appear.  I>ri::ht  objects  in  genenil 
obscurity  thus  ap]>ear  uniiaturally  bright  when  compared 
with  ihinsrs  abmit  them,  and  indeed  often  look  self-luminous. 
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A  cat's  eyes,  for  example,  are  said  to^sbiae  in  the  dark*'; 
and  painters  to  produce  iiiootiliglit  effects  always  make  the 
bright  parts  of  a  picture  rehitiveij  brighter,  wheu  compared 
with  things  uhout  them,  thitu  wouM  be  the  qus^  if  a  suuny 
scene  were  to  be  represented ;  by  a  relatively  excessive  use  of 
white  pigment  they  produce  the  relatively  great  brightness  of 
those  thingi*  whicli  are  eeeu  at  all  iu  the  general  obscurity  of 
a  moon  light  landscape. 

The  Duration  of  Luminous  Seosations,— This  ia  greater 
than  that  of  the  stimnlus,  a  fact  taken  advantage  of  in  mak- 
ing fireworks:  an  ascending  rocket  prodnces  the  sensation  of 
a  trail  of  light  extending  fur  behind  the  |>osition  of  the  bright 
part  of  tlie  rocket  itself  at  the  moment,  because  the  sensation 
aroused  by  it  in  a  lower  part  of  its  course  still  persists,  80, 
shooting  stars  appear  to  have  himinons  tails  behind  them. 
By  rotating  rapidly  before  the  eye  a  disk  with  alternate  white 
and  black  sectors  we  get  for  each  point  of  the  retina  on 
which  a  part  of  its  image  falls^  alternating  stimulation  (due 
to  the  passage  of  white  sector)  and  rest  (when  a  black  sector 
is  passing).  If  the  rotation  be  rapid  erjongh  the  sensation 
aroused  is  that  of  a  uniform  gray,  such  as  would  he  produced 
if  the  white  and  black  were  mixed  and  spread  evenly  over 
the  disk-  In  each  revolution  the  eye  gets  as  much  light  as  if 
that  were  the  cane,  and  is  unable  to  distinguish  that  this 
light  is  made  up  of  separate  portions  reacliing  it  at  intervals: 
the  stimulation  due  to  each  lasts  until  the  next  begins  and  so 
all  are  fused  together.  If,  while  looking  at  the  flame,  one 
turns  out  suddenly  the  gas  in  a  room  containing  no  otlier 
light,  the  image  of  the  flame  persists  a  short  time  after  the 
flame  itself  is  extinguished. 

The  Localizing  Power  of  the  Hetina.— As  already  pointed 
out  a  necci^sary  condttion  of  sceinjiT  definite  objects,  as  distin- 
guislied  from  the  power  of  recognizing  differences  of  light 
and  darkness,  is  that  all  light  entering  the  eye  from  one  point 
of  an  object  shall  be  focused  on  one  point  of  the  retina. 
This,  however,  would  not  be  of  any  use  had  we  not  the  faculty 
of  distingnishiiig  the  stimulation  of  one  part  of  the  retina 
from  that  of  another  part.  This  power  the  visual  apparatus 
possesses  in  a  very  high  degree;  while  with  the  skin  we  can- 
not distinguish  from  one,  two  points  touching  it  less  than  1 
mm.  {^^  inch)  apart,  with  onr  eyes  we  can  distingnish  two 
points  whose  retinal  images  are   not   more  than  .004  mui. 
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(.00016  inch)  apart.  The  distauce  between  the  retinal  images 
of  two  points  is  determined  by  the  "  visual  angle ''  under 
which  they  are  seen;  this  angle  is  that  included  between 
lines  drawn  from  them  to  the  nodal  point  of  the  eye.  If  a 
and  b  (Fig.  100)  are  luminous  points,  the  image  of  a  wiU  bi 


formed  at  a'  on  the  prolongation   of  the  line  a  n  joining  a 
with  the  node,  w.     Similarly  the  image  of  b  will  be  formed 
at  b\     If  a  and  b  still  remaining  the  same  distance  apart,  be 
moved   nearer   the   eye   to  c  :ind   dy  then   the  visual  angle 
under  which  they  are  seen  will  be  greater  and  their  retinal 
images  will  be  farther  apart,  at  c'  and  d'.    If  a  and  b  are  the 
highest  and  lowest  parts  of  an  object,  the  distance  between 
their  retinal  images  will  tlien  depend,  clearly,  not  only  on  the 
size  of  the  object,  but  on  its  distance  from  the  eye;  to  know 
the  discriminating  power  of  the  retina  we   must  therefore 
measure  the  visuiil  angle  in  each  case.     In  the  fovea  centralis 
two  objects  seen  under  a  visual  angle  of  50  to  70  seconds  can 
bo  (iistin(i;uished  from  one  another;  this  gives  for  the  distance 
between  the  retinal  images  that  above  mentioned,  and  corre- 
sponds pretty  accurately  to  the  diameter  of  a  cone  in  that 
part  of  the  retina.     We  may  conclude,  therefore,  that  when 
two  images  fall  on  the  same  cone  or  on  two  contiguous  cones 
they  are  not  discriminated;  but  that  if  one  or  more  unstimu- 
lated cones  intervene  between  the  stimulated,  the  points  may 
be  perceived  as  distinct.     The  diameter  of  a  rod  or  cone,  in 
fact,  marks  the  anatomical  limit  up  to  which  we  can  by  prac- 
tice raise  our  acuteness  of  visual  discrimination;  and  in  the 
yellow  spot  which  we  constantly  use  all  our  lives  in  looking 
at  thin^'^s  which  we  want  to  see  distinctly,  we  have  educated 
the  visual  a])paratus  up   to  about  its  highest  power.     Else- 
where on  the  retina  our  discriminating  jmwer  is  much  less 
and  diminishes  as  the  distance  from  the  yellow  spot  increases. 
This  is  partly  due,  no  doubt,  to  a  less  sensibility  of  those  reti- 
nal regions,  such  as,  by  other  facts,  is  proved  to  exist,  but  in 
part^  no  doubt  is  also  due  to  a  want  of  practice.     The  more 
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periplier  il  (ho  rethiul  region  the  less  we  have  used  it  for  such 
purposes.  It  is  probable*  therefore,  thut  outlying  portions  of 
the  retina  are  eupaUle  of  educiitioii  to  n  higlier  discriminating 
power,  ju^i  as  we  shall  tine!  the  nkin  to  be  for  tactile  t^timuli. 

While  W0  can  tell  the  stiinulution  of  an  upper  part  of  the 
retina  from  a  lower,  or  a  right  region  from  a  left,  it  mnat  be 
borne  in  mind  that  we  have  no  direet  knowledge  of  which  is 
upper  or  lower  or  right  ^r  left  in  the  ocnlar  image.  All  onr 
visual  sensations  tcdl  ua  is  that  lliey  are  aroused  at  ili  fife  rent 
points,  and  nothing  at  all  about  the  actual  positions  of  these 
on  the  ratina.  There  is  no  other  eye  liehiud  the  retina  look- 
ing at  it  to  see  the  inversion  of  the  image  formed  on  it. 
Suppose  I  arn  looking  at  a  pane  in  a  second -story  window 
of  a  distant  house:  its  image  will  then  fall  on  the  fovea  cen- 
tralis ;  the  line  joiiung  this  with  the  pane  is  called  the  viifnal 
axis.  The  injage  of  the  roof  will  be  formed  on  a  part  of  the 
retina  below*  the  fovea,  and  that  of  the  front  door  above  it.  I 
distitignish  that  the  images  of  all  these  fall  on  different  parts 
of  the  retina  in  certain  relative  positions,  and  have  learnt,  by 
the  experience  of  {ill  my  life,  that  when  tlie  imag©  of  any- 
thing arouses  the  sensation  dnt  to  excitation  of  part  of  the 
retina  below  the  fovea  the  object  is  above  my  visual  axis,  and 
tncfi  rfir.Ha  ;  similarly  with  right  and  left.  Consequently  I  in- 
terpret the  stimulation  of  lower  retinal  regions  as  meaning 
high  objects,  and  of  right  retiTjal  regions  as  meaning  left  ob- 
jects^ and  never  get  confused  by  the  inverted  retinal  image 
about  which  directly  I  know  nothing.  A  new-born  child, 
even  supposing  it  could  use  its  niusdes  ])erfect]j,  could  not, 
except  by  mere  chance,  reach  towards  an  object  which  it  saw; 
it  would  grasp  at  random,  not  yet  having  learnt  that  to  reach 
an  object  exciting  a  part  of  the  retina  above  the  fovea  needed 
movement  of  the  hanti  towards  a  position  in  sjiace  ijclow  the 
visual  axis  ;  but  very  soon  it  learns  that  things  near  its  brow, 
that  is  vp^  excite  certain  visual  sensations,  and  objects  below 
its  eyes  others,  and  similarly  with  regard  to  right  and  left;  iti 
time  it  learns  to  interpret  retinal  stimuli  so  as  to  localize 
accurately  the  direction,  with  reference  to  its  eyes,  of  outer 
objects,  and  never  thenceforth  gets  puzzled  by  retinal  inver* 
8  ion. 

Color  Vision. — Sunlight  reflected  from  snow  gives  ua  a 
sensation  whif^h  we  call  white.  The  same  light  sent  through 
a  prism  and  reflected  from  a  while  surface  excites  in  us  no 
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white  sensation  but  a  nnmber  of  color  sensations^   gradating 
insensibly  from  red  to  violet,  through  orange,  yellow,  green, 
blue-green,  blue,  and  indigo.     The  prism  separates  from  one 
another  light-rays  of  different  periods  of  oscillation  and  each 
ray  excites  in  us  a  colored  visual  sensation,  while  all  mixed 
together,  as  in  sunlight,  they  arouse  the  entirely  different 
sensation  of  white.     If  the  light  fall  on  a  piece    of   black 
velvet  we  get  still  another  sensation,  that  of  black;  in   this 
case  the  light-rays  are  so  absorbed  that  but  few  are  reflected 
to  the  eye  and  the  visual  apparatus  is  left  at  rest.     Pliysically 
black  represents  nothing:  it  is  a  mere  zero — the  absence  of 
ethereal  vibrations;  but,  in  consciousness,  it  is  as  definite  a 
sensation  as  white,  red,  or  any  other  color.     We  do   not  feel 
blackness  or  darkness  except  over  the  region  of  the  possible 
visual  field  of  our  eyes.     In  a  perfectly  dark  room  we  only 
feel  the  darkness  in  front  of  our  eyes,  and  in  the  light  there 
is  no  sucii  sensation  associated  with  the  back  of  our  heads  or 
the  palms  of  our  hands,  though  through  these  we  get  no 
visual  sensations.     It  is  obvious,  therefore,  that  the  sensation 
of  blackness  is  not  due  to  the  mere  absence  of  luminous 
stimuli,  but  to  the  unexcited  state  of  the  retinas,  which  are 
alone  caj)able  of  being  excited  by  such  stimuli  when  present. 
This  fact  is  a  very  reniarkjiblo  one,  and  is  not  paralleled  in  any 
other  yense.     Phyifically,  complete  stillness  is  to  the  ear  what 
darkness  is  to  tlie  eye;  but  silence  impresses  itself  on   us  as 
the   absence  of    sensation,  while  darkness   causes  ai  definite 
feel  in  <r  of  **  blackness." 

Young's  Theory  of  Color  Vision.— Our  color  sensations 
insensibly  fade  into  one  another;  stnrtin<x  with  black  we  can 
insensibly  pass  tliroui^h  lighter  and  lighter  shades  of  gray 
to  white:  or  be^rinning  with  green  through  darker  and  darker 
shades  of  it  to  black  or  throngli  iit::hter  and  lighter  to  white: 
or  beginning  with  reil  we  can  by  inijierceptible  steps  pass  to 
orange,  from  that  to  yellow  and  so  (»n  to  the  end  of  the  solar 
spectrum:  and  from  the  violet,  through  purple  and  carmine, 
we  may  get  ba<^k  again  to  red.  Black  and  white  appear  to  be 
fundamental  color  sensations  mixed  up  with  all  the  rest:  we 
never  imagine  a  color  but  as  liglit  or  dark,  that  is  as  more  or 
less  near  white  or  black:  and  it  is  found  that  as  the  light 
thrown  on  any  given  colored  surfjice  weakens,  the  shade  be- 
comes deeper  until  it  passes  into  black:  and  if  the  illumina- 
tion be  increased,  the  color  becomes  *'  lighter"  until  it 
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into  white.  Of  all  the  colors  of  the  spectrum  yellow  most 
easily  passes  into  white  with  strong  illumiimLiQii.  Bhick  and 
white,  with  the  gmys  which  iire  mixtures  of  the  tvvu,  thus 
seem  to  stand  apart  from  alt  the  rest  as  the  fundamental 
visual  sensations,  and  the  others  alone  are  in  common  par- 
lance named  **  colors,"'  It  hiLs  even  heen  suggested  that  the 
power  of  tlifTerentiatiiig  them  in  Buiisation  Jjas  only  lately 
been  acquired  by  man,  and  a  certain  amount  of  evidence  has 
been  adduced  from  passages  in  the  Iliad  to  prove  that  th© 
Oreeks  in  Homer's  time  confused  together  colors  that  are 
\eY)'  ilifferent  to  moat  modern  eyes;  at  any  rate  there  seems 
to  be  no  doubt  that  the  color  sense  can  be  greatly  improved 
by  practice;  women  whose  mode  of  dress  causes  them  to  pay 
more  attention  to  the  matter,  have,  as  a  general  rule,  a  more 
acute  color  sense  than  men. 

Leaving  aside  black,  white,  gray,  and  the  various  browiis 
(which  are  only  dark  tints  of  other  colors),  we  may  enumer- 
ate our  color  sensations  iis  red,  orange,  yellow,  green,  blue, 
violet,  or  purple;  between  each  there  are,  however,  numerous 
transition  shades,  as  yellow-green,  bine-green,  etc,  so  that 
the  number  winch  shall  have  definite  names  given  to  theni  is 
to  a  large  extent  arbitrary.  Of  the  above,  all  but  |mrple  are 
found  in  the  spectrum  given  when  sunlight  is  separated  by  a 
prism  into  its  rays  of  difTerent  refrangibility ;  rays  of  a  cer- 
tain wave-length  or  period  of  oscillation  cause  in  ua  the  feel- 
ing red;  others  yellow,  and  so  on;  for  convenience  we  may 
speak  of  these  as  red,  yellow,  blue,  etc.,  rays;  all  together,  in 
alxjuL  equal  proportions,  they  arouse  the  eensaLion  of  white* 
A  remarkable  fact  is  that  most  color  feelings  c^-m  be  aroused 
in  several  ways.  White,  for  example,  not  only  by  the  above 
general  mixture,  but  red  and  blue-green  rays,  or  orange  and 
blue,  or  yellow  and  violet,  taken  in  pairs  in  certain  propor- 
tions, and  acting  simultaneously  or  in  very  rapid  succesfJion 
on  the  same  part  of  the  retina,  cause  the  sensation  of  white: 
such  colors  are  called  coviphmentary  to  one  another.  The 
mixture  may  be  made  in  several  ways;  as,  for  exMUifilc,  by 
cauaing  the  red  and  blue-green  parts  of  the  s])ectrum  to 
overlap,  or  by  |)ainting  red  and  blue-green  sectors  on  a  disk 
and  rotating  it  rapidly;  they  cannot  be  made,  however,  by 
mixing  pigujents*  since  what  happens  in  such  cases  is  a  very 
complex  pheimmenon.  Painlers,  for  example,  are  accu?itomed 
to  produce  green  by  mixing  blue  and  yellow  paints,  and  some 
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may  be  inclined  to  ridicule  the  statement  that  yellow  and 
blue  when  mixed  give  white.     When,  however,  we  mix  the 
pigments  we  do  not  combine  the  sensations  of  the  same  name, 
which  is  the  matter  in  question.   Blue  paint  is  bine  because  it 
absorbs  all  the  rays  of  the  sunlight  except  the  blue  and  some 
of  the  green;  yellow  is  yellow  because  it  absorbs  all    but  the 
yellow  and  some  of  the  green,  and  when  blue  and  3'ellow  are 
mixed  the  blue  absorbs  all  the  distinctive  part  of  the  yellow 
and  the  yellow  does  the  same  for  the  blue;  and  so  only  the 
green  is  left  over  to  reflect  light  to  the  eye,  and  the  mixture 
has  that  color.     Grass-green  has  no  complementary  color  in 
in  the  solar  spectrum;  but  with  purple,  which  is  made  by 
mixing  red  and   blue,  it  gives  white.     Several  other  colors 
taken   three  together,  give  also  the  sensation  of  white.     If 
then  we  call  the  light-rays  which  arouse  in  us  the  sensation 
red,  fl,  those  giving  us  the  sensation  orange  i,  yellow  r,  and 
80  on,  we  find  that  we  get  the  sensation  white  with  a,  b,  r,  r/. 
By  /,  and  g  all  together;  or  with  h  and  c,  or  with  c  and/",  or 
with  (ly  dy  and  e  ;  our  sensation  tvhite  has  no  determinate  re- 
lation to  ethereal  oscillations  of  a  given  period,  and  the  same 
is  true  for  several  other  colors;  yellow  feeling,  for  example, 
may  be  excited    by   ethereal  vibrations  of   one  given  wave- 
length (spectral  yellow),  or  by  a  li^ht  containing  only  such 
waves  as  taken  separately  can  so  the  sensations  red  and  grass- 
green;  in  other  words  a  pliysical  liijht  in  which  there  are  no 
waves  of  the  **  yellow  ■'  lonirth  may  cause  in  us  the  sensation 
yellow,  which  is  only  one  more  instance  of  the  genenil  fact 
that  our  sensations,  as  such,  give  us  no  direct  information  as 
to  the  nature  of  external  forces;  they  are  but  signs  which  we 
have   to    interpret.     The  doctrine  of  specific  nerve  energies 
makes  it  hi^rhly  i  in  probable  that  our  different  color  sensa- 
tions can  all  be  due  to  different  modes  of  excitation  of  exactly 
the  same  nerve-fibres;  a  fibre  wliicli  when  excited  alone  gives 
us  the  i^ensation  red  will  always  give  us  that  feeling  when 
so  excited.     'J'ho  simplest  method   of  explaining  our   color 
sensations  would  therefore  be  to  assume  that  for  each  there 
exists   in   the  retina  a   set  of   nerve-fibres  with  appropriate 
terminal  organs,   eacrh    excitable  by  its   own    proper   stimu- 
lus.    Hut  we  can  distiniruisb  so  innumerable  and  so  finely 
graded  colors,  that,  on  such  a  su})position,  there  must  be  an 
almost  infinite  number  of  different  end  orpins  in  the  retina, 
and  it  is  more  reasoiuible  to  suj)pose  that  there  are  a  limited 
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number  of  primary  color  sensation s,  and  that  the  rest  are  due 
to  eotnbimitions  of  these.  That  a  compound  color  seiig^itlon 
niiiy  be  very  different  from  its  components  when  tliese  are 
rei^arded  apart,  is  clearly  shown  by  the  sensation  wlnte 
aroiiaed  either  by  what  we  may  call  red  and  bhie-c,^reeii,  or 
gvi^^n  and  purple,  stimuli  acting  toi^^ether;  or  of  yellow  due 
to  grass-green  and  red.  To  account  for  our  various  color  sen- 
sations we  may,  therefore,  assume  a  niueli  smaller  number  of 
primary  sensationa  than  tlie  total  number  of  color  sensations 
we  experience;  all  can  in  fact  be  explained  by  uj^sumin^any 
three  primary  color  sensations  which  together  give  white,  and 
regarding  all  the  rest  jis  due  to  mixtures  of  these  in  various 
pro jjorti OTIS ;  there  may  he  more  than  three,  btrt  three  will 
account  for  all  the  phenomena,  black  being  a  Benssation  expe- 
rienced when  all  visual  stimuli  are  abi?ent.  This  is  known  as 
Young's  ikmrtf  of  coior  vision^  and  is  that  at  ji resent  most 
commonly  accepted.  The  selection  of  the  three  primary  sen- 
sations is  decideil  by  the  phenomena  of  color-blindness,  which 
show  tlint  if  this  theory  of  color  vision  be  correct  red  nuist 
be  one  of  the  primary  color  sensations:  if  so,  then  green 
and  violet  nnist  he  the  other  two.  The  theory  further 
assumes  that  all  kinds  of  light  stimnhiting  the  end  appa- 
ratuses give  rise  to  all  three  sensaUoivs,  but  not  necessarily  in 
the  same  proportion.  When  all  are  equal ly  aroused  the  sen- 
sation is  white  or  some  shade  of  gray  when  the  red  and  green 
are  tolerably  powerfully  excited  and  the  violet  little,  the  sen- 
sation is  yellow^;  when  the  green  powerfully  and  the  red  and 
Tiolet  little,  the  sensation  is  green,  and  so  oi^.  In  this  way 
we  can  also  explain  the  fact  that  all  coloi*ed  surfaces  when 
intensely  illuminated  pass  into  while.  A  red  light,  for  ex- 
ample, excites  the  primary  red  sensati^jn  most,  but  green  and 
violet  a  little;  as  the  light  becomes  stronger  a  limit  is 
reached  beyond  which  the  red  setisation  eanjiuL  go,  but  the 
green  and  violet  go  on  incretising  with  thf*  intensity  of  tho 
light,  until  they  too  reach  their  limits;  and  all  three  printary 
sensations  being  then  equally  aroused,  the  sensation  white  ia 
produced. 

Color  Blindness*  Some  iversons  fail  to  distinguish  colors 
which  are  to  others  quite  different;  when  Buch  a  deficiency  is 
well  marked  it  is  known  as  "colorblindness/'  and,  assuming 
Young^s  theory  to  be  correct,  it  may  be  explained  by  an  ab- 
sence of  one  or  more  of  the  three  primary  color  sensations; 
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observation  of  color-bliml  persons  tlius  helps  in  deciding 
which  these  are.  The  most  common  form  is  red  color  blind- 
ness; persons  afflicted  with  it  confuse  reds  and  greens.  Red 
to  the  normal  eye  is  red  because  it  excites  red  sensation 
much,  green  some,  and  violet  less;  and  a  white  page  white, 
because  it  excites  red,  green,  and  violet  sensations  about 
equally.  In  a  person  without  red  sensation  a  red  object 
would  arouse  only  some  green  and  violet  sensation  and  so  would 
be  indistinguishable  from  a  bluish  green;  in  practice  it  is 
found  that  many  persons  confound  these  colors.  Cases  oi 
green  and  violet  color  blindness  are  also  met  with,  but  thej 
are  much  rarer  than  the  red  color  blindness  or  "  Daltonism." 

The  detection  of  color  blindness  is  often  a  matter 
of  considerable  importance,  especially  in  sailors  and  railroad 
officials,  since  the  two  colors  most  commonly  confounded ,  red 
and  green,  are  those  used  in  maritime  and  railroad  signals. 
Persons  attach  such  different  names  to  colors  that  a  decision 
as  to  color  blindness  cannot  be  safely  arrived  at  bj  simplj 
showing  a  color  and  asking  its  name.  The  best  plan  is  to 
take  a  heap  of  worsted  of  all  tints,  select  one,  say  a  red,  and 
tell  the  man  to  put  alongside  it  all  those  of  the  same  color, 
whether  of  a  lighter  or  a  darker  shade:  if  red  blind  he  will 
select  not  only  the  reds  but  the  greens,  es}>ecially  the  paler 
tints.  About  one  man  in  eiirht  is  more  or  less  red  blind. 
The  defect  is  much  rarer  in  women. 

Fatig:ue  of  the  Betlna.  The  nervous  visual  apparatus  is 
easily  fatigm^i.  Usually  we  do  not  observe  this  because  its 
restoration  is  also  rapid,  and  in  ordinary  life  our  eyes,  when 
0}>en,  are  never  at  rest:  we  move  them  to  and  fro,  so  that 
parts  of  the  retiua  receive  light  alU'l  llillely  from  brighter  and 
darker  objects  and  are  alternately  excited  and  rested.  How 
cau^iAUt  aud  kiLitu^U  U^  uK»vemmt  of  thr  ^¥es  is  can  be 
readily  ♦4»*mFed  by  trying  to  lix  for  a  ji^yri  time  a  miial^'  »pot 
wiiiiiHi:  dvviati:!::  tl.e  claiuv:  to  di»  si*  for  even  a  fi  w  Bi! tends 
is  imiinwi>*le  wiiiiou:  i^rao:ii.\\  If  any  small  object  is  steadilv 
"fixed  "  for  twer.Tv  or  thirty  seconds  it  will  bt-  found  that  the 
wliole  tield  of  vision  becomes  gwirh  <ind  MiiiMire,  because 
the  parts  of  the  retina  recoi\i:ii:  nio<:  li^^i;:  ^jet  ^mv^^vM,  and 
arouse  r.o  ir.oro  sensatiov.  :liav,  tiiosr  loss  fa::j:neil  and  stimu- 
1.1! tv.  by  ;:c':.t  from  less  :*/..:  v..::. atovi  o' hvis.  Or  look  steadily 
at  a  Ma^  k  o*r;eet.say  a  .  "v't  or.  a  \\*:::e  pajro.  for  twenty 
seconds,  ar.vi  then  turn  the  eye  or.  a  white  wall:  the  latter 
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will  seem  dark  gray,  with  a  white  patch  on  it;  an  effect  due 
to  tbu  greater  excitabtlity  of  the  retinal  parts  previously 
rested  by  the  bluciv,  when  compared  with  the  sensatioii 
aroused  elsewhei-e  by  light  from  tlie  white  wall  acting  on  the 
previously  stimulated  parts  of  the  visual  surface.  All  persons 
will  rt'cu!!  many  instances  of  such  phenomena,  which  are  es- 
pteially  noticeabk  soon  after  risitigin  the  morning.  Similar 
things  may  be  nolicod  with  eolora;  after  looking  at  a  ^«ed 
}»»tt!!n;he  eye  turned  on  a  white  wall  sees  a  bhre-gfeeii.fmtchj 
the  elements  causing  red  sensaLiong  having  been  fatigued,  the 
white,  niixetl  liglit  from  thtJ  wall  now  excites  on  that  region 
of  the  retina  only  the  other  primary  color  eeiisations.  The 
blending  of  colors  &o  as  to  secure  iheir  greatest  effect  depends 
on  this  fact ;jpeCr  and  green  go  well  together  because  «tf!li 
re»ts  the  purts  of  the  visual  ap[iaratus  most  excited  by  the 
other^  and  so  each  appears  bright  and  vivid  as  the  eye  wan- 
ders to  and  Iro;  while  red  and  <tfange  together,  each  exciting 
and  exhunstiug  mainly  the  §ame  visual  elements,  render  dull, 
or  in  popular  phrjise  **  kilL"  one  another. 

OoQtr&sta.  If  a  well-defined  black  surface  t»e  looked  at  on 
a  largiT  white  one  the  parts  of  the  latter  close  to  the  Uaek  look 
whiter  than  the  rest,  and  the  parts  of  the  black  near  the 
white  blacker  than  the  rest;  so,  also,  if  a  green  patch  be 
looked  at  on  a  red  surface  each  color  is  heightened  near  where 
they  meet.  This  phenomenon  is  largely  due  to  fatigue  and 
deficient  fixation:  the  retinal  parts  not  excited  and  fatigued 
by  the  black  or  the  green  are  l)ronglit  by  a  movement  of  the 
organ  so  as  to  receive  light  from  the  white  or  red  surface; 
phenomena  due  to  this  cause  are  known  iis  those  of  .successive 
conlrast.  Even  in  the  case  of  perfect  fixation,  however,  some- 
thing of  the  same  kind  is  seen;  black  looks  blacker  near 
white  and  green  greener  near  red  when  the  eye  has  not 
moved  in  the  least  from  one  to  the  other.  A  small  piece  of 
light  gray  paper  put  on  a  sheet  of  red,  which  hitter  is  then 
covered  accurately  with  a  sheet  of  semi-transparent  tissue- 
paper,  assumes  the  complementary  color  of  the  red,  j.p./iooks 
bluish  green;  and  gray  on  a  green  sheet  under  similar  cir- 
cumstances  looks  pink.  Such  plionomena  are  known  as  those 
4)1  sinufUafteofts  vottirn.^f,iind  are  explained  on  psychological 
grounds  by  those  wlio  accept  Young's  theory  of  color  vision. 
Just  as  a  medium-si^ed  man  looks  short  beside  a  tall  one,  so, 
it  is  said,  a  black  surface  looks  blacker  near  a  white  one^  or  a 
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gray  (slightly  luminous  white)  surface,  which  feebly  excites 
red,  greeiiy  aud  violet  sensations,  looks  deficient  lu  red  (aud  so 
bluish  green)  near  a  deeper  red  surface.  There  are^  however, 
certain  phenomena  of  simultaneous  contrast  which  cannot  be 
satisfactorily  so  explained,  and  these  have  led  to  other  theories 
of  color  vision,  the  most  important  of  which  is  that  described 
in  the  next  paragraph. 

Hering's  Theory  of  Vision.     Contrasts  can  be  seen  with 
the  eyes  closed  and  covered.     If  we  look  a  short  time  at   a 
bright  object  and  then  rapidly  exclude  light  from  tlie  eye,  we 
see  for  a  moment  a  positive  after-image  of  the  object,  e,g.^ 
a  window  with  its  frame  and  panes  after  a  glance  at  it  and 
then  closing  the  eyes.    In   these  positive  after-images    the 
bright  aud  dark  parts  of  the  object  which  was  looked  at  retain 
their  original  relationship;  they  depend  on  the  persistence  of 
retinal  excitement  after  the  cessation   of  the  stimulus    and 
usually  soon  disappear.     If  an  object  be  looked  at  steadily  for 
some  time,  say  twenty  seconds,  and  the  eyes  be  then  closed,  a 
negative  after-image  is  seen.     In  this  the  lights  and  shades  of 
the  object  looked   at  are   reversed.     Frequently  a   positive 
after-image   becomes   negative    before    disappearing.       The 
negative  images  are  explained  commonly  by  fatigue;  when  the 
eye  is  closed  pome  light  still  enters  through  the  lids  and   ex- 
cites less  those  i)art8  of  the  retina  previously  exhausted  by 
prolonged  looking  at  the  brighter  parts  of  the  field  of  vision; 
or,  wlien  all  light  is  rigorously  excluded,  the  self  stimula- 
tion of  the  visual  apparatus  itself,  causing  the   idio-retinal 
light y  aflects  less  the  exhausted  }>ortion8,  and  so  a   negative 
image  is  produced.     If  we  fix  steadily  for   thirty  seconds  a 
point    between    two   white   squares   about    4    mm.   (^  inch) 
apart  on  a  large  black  sheet,  and  then  close  and  cover  our 
eyes,  we  get  a  negative  after-image  in  which  are  seen    two 
dark  squares  on  a  brighter  surface;  this  surface  is  brighter 
close  around  the  negative  after-iiDage  of  each  square,   and 
brijihtest  of  all  between  them.     This  luminous  boundary  is 
called   the  r-'ronn,  and  is  explained  usually   as   an  effect   of 
simultaneous  contrast:  the  dark  after-image  of  the  square  it 
is  said  makes  us  mentally  err   in    judgment   and    think  the 
clear  surface  close  to  it   brighter  than  elsewhere;  and   it   is 
brightest  between  the  two  uark  squares,  just  as  a  middl>8ized 
man  Ivtwccn  two  tall  ones  looks  slu^rtv  r  than  if  alongside  one 
onlv.     If,  however,  the  afior-imace  be  watched  it  will   often 
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be  noticed  Bot  only  iliat  the  light  band  between  the  squares 
is  inteiieely  white,  nnich  marc  so  thiin  the  normal  id io- retinal 
light,  but,  as  the  image  fades  away,  often  the  two  dark  after- 
images of  the  squares  disappear  entirely  with  all  of  the 
corona,  except  that  part  betweeu  them  which  is  still  seen  as  a 
bright  band  on  a  uniform  grayish  field.  Here  there  is  no 
contrast  to  produce  the  error  of  judgment,  and  from  this  and 
other  experiments  Hering  concludes  that  light  acting  on  one 
part  of  the  retina  produces  inverse  changes  in  all  the  rest, 
arid  tlmt  this  has  an  important  part  in  producing  the  phe- 
nomena of  contrasts,  Similar  phenomena  may  be  observed 
with  colored  objects;  in  their  negative  after-images  each  tint 
is  represented  by  its  complementary,  as  black  is  by  white  m 
colorless  vision. 

Endeavoring  to  exclude  such  loose  general  explanations  as 
**  errors  of  judgment/'  Ilering  jiroposes  a  theory  of  vision 
which  can  otdy  be  briefly  stated  here.  We  may  put  all 
our  colorless  sensations  in  a  continuous  series,  passing  through 
grays  from  the  deepest  blat^k  to  tlie  brightest  white;  some- 
where half-way  between  will  be  a  neutral  gray  which  is  as 
black  as  it  is  white.  We  may  do  something  similar  with  our 
oolor  sensations;  as  in  gray  we  see  black  and  white  so  in 
purple  we  see  red  aiid  blue,  and  all  colors  containing  red  and 
blue  may  be  put  in  a  series  of  which  one  end  is  jjure  red,  tiie 
other  pure  blue.  So  with  red  and  yellow,  blue  and  green, 
yellow  and  green.  If  we  call  to  mind  the  wliole  solar  spec- 
trum from  yellow  to  blue,  through  the  yellow-greens,  green, 
and  blue -greens,  we  get  a  series  in  which  all  btit  the  ter- 
minals have  this  in  common  that  they  contain  some  green. 
Green  itself  forms,  however,  a  special  point;  it  dilTers  from 
all  tints  on  one  side  of  it  in  containing  no  yellow,  and  from 
all  on  the  other  in  containing  no  bine.  In  ordinary  language 
this  is  recognized:  we  give  it  a  definite  name  of  its  own  and 
call  it  fjreen.  Its  simplicity  compared  with  the  doubleness 
of  its  immediate  neighbors  entitles  it  to  a  distinct  place  in 
the  color-sensation  series.  There  are  three  otlier  color  sensa- 
tions which  like  green  are  simple  and  must  have  specific 
names  of  their  own;  they  are  red,  bine,  and  yellow.  Green 
may  be  pure  green  or  yellow-green  or  hlue-greeii,  but  never 
yellow  and  bluish  at  once,  or  reddish.  Red  may  be  pure  or 
yellowish  or  bluish,  but  never  greenish.  Red  and  green  are 
thus  mutually  exclusive;  yellow  and  blue  stand  in  a  similar 
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relationship.  All  other  color  sensations,  as  orange,  suggest 
two  of  the  above,  and  may  be  described  as  mixtures  of  them ; 
but  they  themselves  stand  out  as  fundamental  color  seusa- 
tions.  Moreover,  it  follows  from  the  above,  that  more  than 
two  simple  color  sensations  are  never  combined  iu  a  com- 
pound color  sensation. 

Since  red  always  excludes  green,  and  yellow  blue,  we  maj 
call  them  anti-colors  (the  complementary  colors  of  Young's 
theory),  and  are  led  to  suspect  that  in  the  visual  orgiiu  there 
must  occur,  in  the  production  of  each,  processes  which  pre- 
vent the  simultaneous  2)roduction  of  the  other,  since  there  is 
no  a  priori  reason  in  the  nature  of  things  why  we  should  not 
see  red  and  green  simultaneously,  as  well  as  red  and  yellow. 
Along  with  our  color  sensations  there  is  always  some  color- 
less from  the  black- white  series;  which  we  recognize  in  speak- 
ing of  lighter  and  darker  shades  of  the  same  color. 

Hering  assumes,  then,  in  the  retina  or  some  part  of  the 
nervous  visual  apparatus,  three  substances  answering  to  the 
black-white,  red-green,  and  yellow-blue  sensational  series,  the 
construction  of  each  substance  being  attended  with  one  sen- 
sation of  its  pair,  and  its  destruction  with  the  other.  Thus, 
when  construction  of  the  black-white  substance  exceeds  de- 
struction, we  get  a  blackish -gray  sensation;  when  the  pro- 
cesses are  equal  the  neutral  gray;  when  destruction  exceeds 
construction  a  light-gray,  and  so  on.  In  the  other  color 
series  similar  things  would  occur;  when  construction  of  red- 
green  substance  exceeded  destruction  in  any  point  of  the 
retina  we  would  get,  say,  a  red  feeling;  if  so,  then  excess  of 
destruction  would  give  green  sensation.  The  intensity  of 
any  given  simple  sensation  would  depend  on  the  ratio  of  the 
difference  between  the  construction  and  destruction  of  the 
corresponding  substance,  to  the  sum  of  all  the  constructions 
and  destructions  of  visual  substances  going  on  in  that  part  of 
the  visual  apparatus  :  in  this  way  anabolic  and  katabolic 
nutritive  processes  would  be  the  material  basis  of  visual  sen- 
sations. The  intensity  of  a  mixed  color  sensation  would  be 
the  sum  of  tlie  intensities  of  its  factors,  and  its  tint  and 
shade  dependent  on  the  relative  })roportion  of  these  factors. 
AVhen  the  construction  and  destruction  of  the  red-green  sub- 
stance are  equal  no  color  sensation  is  aroused  by  it;  and  we 
get  gray,  due  to  those  simultaneously  occurring  changes  in 
the  black-white  substance  which  are  always  present,  but  were 
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previously  more  or  less  cloaked  by  the  results  of  the  changes 
in  the  red-green  substance.  Reil  and  green  in  certain  pro- 
portions c'uuse  tljen  a  white  or  gray  eensation,  not  because 
they  aupplenieiit  one  another,  as  on  Y'oinig  s  theory,  bnt  be- 
cmise  they  mutually  cancel;  and  so  for  other  coniplemeutary 
colors. 

Moreover,  according  to  Hering,  destruction  of  a  vienal  sub- 
stance goinjj  on  in  one  region  of  the  retina  promotes  con- 
Btrueliuo  and  aceurjmlation  of  that  substance  elsewhere,  but 
especially  in  the  neighborhood  of  the  excited  spot.  Hence, 
when  a  white  square  on  a  bkck  ground  is  looked  at,  destruc- 
tion of  the  black  white  substance  overbalaiices  construction 
in  the  j)laccj  on  wliicli  the  innige  of  the  square  falls,  but 
around  this  construct  ion  occiirs  in  a  bigli  degree,  Wlien  the 
eyes  are  shut,  this  hitter  retinal  region,  with  its  great  accumu- 
lation of  decomposable  material,  is  highly  irritable  and, 
under  the  internal  stimuli  causing  ttie  idio-retinal  light, 
breaks  down  comparatively  fast^  causing  the  corona,  which 
may  be  intensely  luminous;  for  with  the  closed  eye  the  total 
constructive  and  destructive  processes  in  the  visual  apparatus 
are  small,  and  so  the  excess  of  destruction  in  t\m  coronal 
region  bears  a  large  ratio  to  the  sum  of  the  whole  processea. 
The  student  must  apply  this  theory  for  himself  to  the  other 
phenomena  of  contrasts  and  negative  images,  as  also  to  the 
gradual  disappearance  of  differences  between  light  and  dark 
objects  when  looked  at  for  a  time  with  steady  fixation;  the 
general  key  being  the  principle  that  anything  leading  to  the 
accumulation  of  a  visual  substance  increases  its  decomposi- 
tions under  given  stimulation,  and  vice  versa.  The  main 
value  of  Ilering's  theory  is  that  it  attempts  to  account 
physiologically  for  phenomena  previously  indefinitely  ex- 
plained psychologically  by  such  terms  as  **  errors  of  judg- 
ment," which  really  leave  the  whole  matter  where  it  was, 
since  if  (as  we  must  believe)  mind  is  a  funfjtion  of  brain,  the 
errors  of  judgment  have  still  to  be  accounted  for  on  physio-  ' 
logical  grounds,  as  due  to  conditions  of  the  nervous  system. 

The  three  visual  substances,  the  anabolisms  and  katabol- 
isms  of  which  according  to  Hering  give  rise  to  color  sensa- 
tions^ need  not  necessarily  be  in  the  retina  itself:  they  may 
be  in  the  central  nerve  portions  of  the  visual  apparatus, 
beitjg  excited  tljrongh  different  nerve  fibres  excited  by  dif- 
ferent lights  falling  on  the  retina. 
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There  are  difficulties  in  the  way  of  the  full  acceptance  of 
either  the  Young  (often  called  the  Young-Helmholtz)  theory 
or  the  theory  of  Hering,  and  the  whole  doctrine  of  color 
vision  is  still  in  a  very  unsettled  state. 

Visual  Perceptions.  The  sensations  which  light  excites 
in  us  we  interpret  as  indications  of  the  existence,  form,  and 
position  of  external  objects.  The  conceptions  which  we 
arrive  at  in  this  way  are  known  as  visual  perceptions.  The 
full  treatment  of  perceptions  belongs  to  the  domain  of 
Psychology,  but  Physiology  is  concerned  with  the  conditions 
under  which  they  are  produced. 

The  Visual  Perception  of  Distance.     AVith  one  eye  our 
perception  of  distance  is  very  inii>erfect,  as  illustrated  by  the 
common  trick  of  holding  a  ring  suspended  by  a  string  in 
front  of  a  person's  face,  and  telling  him  to  shut  one  eye  and 
pass  a  rod  from  one  side  through  the  ring.     If  a  pen -holder 
be  held  erect  before  one  eye,  while  the  other  is  closed,  and 
an  attempt  be  made  to  touch  it  with  a  finger  moved  across 
towards  it,  an   error  will    nearly  always  be   made.     (If    the 
finger  be   moved    straight   on    towards   the   pen   it   will    be 
touched  because  with  one  eye  wo  can  estimate  direction  accu- 
rately and  have  only  to  ijo  on  n^ovjng  the  tinger  in  the  proper 
direction  till  it   nun^is  the  object.)     in  such  cases  we  got   the 
only  clue  fnun   the  ainoiuit  of  effort   needed  to  *•  aceonimo- 
date  **  the  eye  to  see    the    oigect    liistinctlv.      When  we  use 
botli  eves  i»iir  perception  of  distance  is  much  l>etter:  when 
we  look  at  an  ohject  witii  two  eyes  the  visual  axes  are  con- 
vergtM  on  it,  and  the  nearer  tiie  olgect  the  greater  the  con- 
Teri:ence.      We    have    a    pretty    accurate    know'.eilge   of   the 
degret^  of  muscular  etlort  rei]iiirivl  to  convor;:Te  the  eyes  on 
all  lolenibiy  near  {nnnts.     Wiien  oi»j\vts  are  farther  off,  their 
apparr'.it  si.Te.  a:ul   the  nuv:iiica:ioi:s  of  tiieir  retinal  images 
broiii::.:  alvnt   l\v  ai  rial   ivrsivc::\e,  co!»ie  in  to  help.      1'he 
relative  c.istar.ce  of  oi'iects  is  e.i>:tst   vi^termiried   by  moving 
liie  eyes;  al'.  sta::o::ar\  ^:;ry't>  ti.e::  avwar  ^.iisplaoed  in  the 
oi^:v^s.:e    vi.recf.o!^    «:u?   for  exarnp'.e    >\:.o!;    we   Wk    out    of 
the  \>.r..;o\v  of  a  railway  oar^  a!^i  ti.ose  r.earest  most  rapidly; 
iro:r.  :;ie  ^iitTertv.:  a;^;\4re!;t  rates  of  moven^.e!':   we  can  tell 
whioi.  are  fartiur  a';xi  !uarer.     We  s^  i^seixi  rally  and  unoon- 
$oiot:sl\   .  ir.  i  v.;^  ivrvvotiv^'  s  of  vl ista-  .v  ^^::h  the  sonsaiions 
arv^t.se.:   "  y  ob;:v:s  l/^^kix:  at,  tl:at  we  sv-.tu  to  stv  distance: 
it    serums  a:    t;:^:    thviu':.:  :is   i;ef;r.:te  a  se:.s^i:ion  as  color. 


THE  E}1S  AS  A  SKNSOHT  APPARATUS. 


053 


Tlnit  it  is  not  is  shown  by  cases  of  persons  born  blind,  who 
have  had  sight  restored  hiter  in  life  by  surgical  operations. 
8uch  peroous  huve  ut  first  no  visind  perceptions  of  distance: 
all  objects  seem  spread  out  on  a  thtt  eurfaoe  in  contact  with 
the  eyes,  and  they  only  leant  gradintlly  to  interpret  tlieir 
sensations  so  as  to  fortti  judgments  abont  distuncey,  as  the 
rest  of  us  did  unisonsciously  in  childhood  before  we  thought 
about  such  thiugs. 

The  Visual  Perception  of  Size,  The  dimensions  of  the 
retinal  image  determine  primarily  the  8CTV8:itions  on  which 
conchisioiis  as  to  size  are  based;  and  the  larger  tlie  visual 
angle  the  larger  the  retinal  iuntge:  since  the  visual  angle  de- 
ponds  on  the  distance  of  an  object  the  correct  perception  of 
size  depends  largely  upon  a  correct  perception  of  distance; 
having  formed  a  judgment,  conscious  or  unconscious,  iis  to 
that,  we  conclude  as  to  size  from  the  extent  of  the  retinal 
region  atTected.  Most  people  have  been  surprised  now  and 
then  to  find  that  what  appeared  a  large  bird  in  the  clouds 
was  ouly  a  small  insect  close  to  the  eye;  the  large  apparent 
size  being  due  to  the  previous  incorrect  judgment  as  to  the 
distance  of  the  object.  The  presence  of  an  object  of  loler- 
ably  well-known  height,  as  a  man,  also  assists  in  forming 
conceptions  (by  comparison)  as  to  size;  artists  for  this  pur- 
pose frer|uently  introduce  human  figures  to  assist  in  giving 
an  idea  of  the  size  of  other  objects  represented. 

The  Visual  Perception  of  a  Third  Dimenaion  of  8paoe. 
This  is  very  imperfect  with  one  eye;  still  we  can  thus  arrive 
at  conchisions  from  the  distribution  of  light  and  shade  on  an 
object,  and  from  that  amount  of  knowledge  as  to  the  relative 
distance  of  different  points  which  is  attainable  monocularly; 
the  different  visual  angles  under  which  objects  are  seen  also 
assist  us  in  couclutling  that  objects  are  farther  and  nearer, 
and  so  are  not  spread  out  on  a  plane  before  the  eye,  but 
occupy  depth  also.  Painters  depend  mainly  on  devices  of 
these  kinds  for  representing  solid  bodies,  and  objects  spread 
over  the  vi^itial  ticld  in  the  tinrd  dimensicui  of  space. 

Single  Vision  with  Two  Eyes.  WhcTi  wo  look  at  a  flat 
ohji*ct  with  both  eyes  we  get  a  similar  retinal  image  in  eacKi 
Under  ordinary  circumstances  we  see,  however,  not  two  ob- 
jects but  one.  In  the  liabitual  use  of  the  eyes  we  move  tliem 
so  that  the  images  of  the  object  looked  at  fall  on  the  two 
yellow  apots*     A  point  to  the  left  of  tins  object  forms  its 
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image  on  the  inner  (right)  side  of  the  left  eye  and   the  outer 
(right)  side  of  the  riglit.     An  object  vertically  above  that 
looked   at  would  form  an  image  straight  below  the  yellow 
spot  of  each  eye;  an  object  to  the  left  and  above,  its  image 
to   the   inner  side  and   below  in  the   left  eye   and    to   the 
outer  side  and  below  in   the  right  eye;   and    so    on.     We 
have  learned   that  similar  simultaneous  excitations  of  these 
corresponding  points  mean  single  <jbjects,  and   so  interpret 
our  sensations.     This  at  least  is  the  theory  of  the   experi- 
ential or  empirical  school  of  psychologists,  though  others  be- 
lieve we  have  a  sort  of  intuition  on  the  subject.     When  the 
eyes  do  not  work  together,  as  in  the  muscular  incodrdiuation 
of  one  stage  of  intoxication,  then  they  are  not  turned  so  that 
images  of  the  same  objects   fall   on   corresponding  retinal 
points,  and  the  person  sees  double.     When  a  squint  comes 
on,  as  from  paralysis  of  the  external  rectus  of  one  eye,  the 
sufferer  at  first  sees  double  for  the  same  reason,  but  after  a 
time   he  makes    new  associations  of  corresponding  retinal 
points,  and  this  is  in  favor  of  the  empirical  theory. 

When  a  given  object  is  looked  at,  lines  drawn  from  it 
through  the  nodal  points  reach  the  fovea  centralis  in  each 
eye.  Lines  so  drawn  at  the  same  time  from  a  more  distant 
object  diverge  less  and  meet  each  retina  on  the  inner  side  of 
its  fovea;  but  as  above  pointed  out  the  corresponding  points 
for  each  retinal  region  on  the  inside  of  the  left  eye,  are  on 
the  outside  of  the  right,  and  vice  versa.  Hence  the  more 
distant  object  is  seen  double.  So,  also,  is  a  nearer  object,  be- 
cause the  more  diverging  lines  drawn  from  it  through  the 
nodal  points  lie  outside  of  the  fovea  in  each  eye.  Most 
people  go  throujjh  life  unobservant  of  this  fact;  we  only  pay 
attention  to  what  we  are  looking  at,  and  nearly  always  this 
makes  its  images  on  the  two  fovene.  That  the  fact  is  as 
above  stated  may,  however,  be  readily  observed.  Hold  one 
finger  a  short  way  from  the  face  and  the  other  a  little  farther 
oiT;  looking  at  one,  observe  tlio  other  without  moving  the 
eyes:  it  will  be  seen  double.  For  every  given  position  of  the 
eyes  there  is  a  surface  in  space,  all  objects  on  which  produce 
images  on  corresponding  points  of  the  two  retinas:  this  sur- 
face is  called  the  horopter  for  that  ])osition  of  the  eyes:  all 
objects  in  it  are  seen  single;  all  others  in  the  visual  field, 
double. 

The  Perception  of  Solidity.     When   a   solid  object   is 
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lookecj  at  the  two  retinal  imat^es  are  tliffereut.  If  a  tnmcated 
pyramid  be  held  iu  front  uf  one  eye  its  image  will  be  that 
represented  at  P,  Fig.  161.     If,  however,  it  be  lield  midway 
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between  tlie  eyes,  and  looked  at  with  both,  then  the  left-€je 
image  will  be  that  in  the  middle  of  the  figure,  and  the  right- 
eye  image  that  to  the  right.  The  small  surface,  hdca^  in 
one  answers  to  the  large  surface,  h'  iV  c'  a\  in  the  other, 
Tljis  may  l>e  readily  ohnerved  by  holding  a  small  cube  in 
front  of  the  nose  and  alternately  looking  at  it  with  each  eye. 
In  such  cases,  then,  the  retinal  images  do  not  correspond, 
ami  yet  we  combine  them  in  conscionsness  so  as  to  see  one 
solid  object.  This  is  known  as  sfcreoscopic  vinion,  and  the 
illusion  of  the  common  stereoscope  depends  on  it,  Two 
photogniphs  are  taken  of  the  same  object  from  two  different 
points  of  view,  one  as  it  appears  wlien  seen  from  the  left,  and 
the  other  when  seen  from  the  right.  Theee  are  then  mottnted 
for  the  stereoscope  so  that  each  is  looked  at  by  its  proper  eye, 
aird  the  object  appears  in  distinct  relief,  as  if,  instead  of  flat 
pictures,  solid  objects,  occupying  three  dimensions  of  space, 
were  looked  at.  Of  course  in  many  stereoscopic  views  the  dis- 
tribution of  light  and  shade,  etc.,  assist,  but  these  are  quite 
unessential,  as  may  be  readily  observed  by  copying  the  draw- 
ings of  Fig.  IGl  and  monntitig  them  on  a  cjird  the  size  of  a 
stereoscopic  slide,  and  placing  it  in  the  instrument,  A  solid 
pyramid  standing  out  into  space  will  be  distinctly  perceived; 
if  the  pictures  be  reversed  the  pyramid  appears  hollow.  The 
pictures  must  not  be  too  different,  or  their  combination  to  give 
the  idea  of  a  single  solid  body  will  not  takt*  phw-u.  Matiy 
persons,  indeed,  fail  entirely  to  get  the  illusion  with  ordinary 
stereoscopic  slides.  The  phenomemi  of  stereoscopic  vision 
militate  strongly  against  the  view  that  there  are  any  ainitom- 
ically  prearranged  corresponding  points  in  the  two  retimis* 
The  Perception  of  Shine.     When  we  look  at  a  rippled 
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lake  in  the  moonlight,  we  get  the  perception  of  a  "shiny  '^  or 
brilliant  surface.  The  moonlight  is  reflected  from  the  waves 
to  the  eyes  in  u  number  of  bright  |K)int8:  these  are  not  ex- 
actly the  same  for  both  eyes,  since  the  lines  of  light -reflection 
from  the  surface  of  the  water  to  each  are  different.  The 
perception  of  brilliancy  seems  largely  to  depend  on  this 
slight  non-agreement  of  the  li^ht  and  dark  points  on  the  two 
retinas.  A  rapid  change  of  luminous  points,  to'  and  fro  be- 
tween neighboring  points  on  one  retina,  seems  also  to  pro- 
duce it. 


en  AFTER  XXXIV, 

THE   EAR   AND    IlEAKlXa 

The  Bxternal  Ear.  Tlie  auditory  oro:an  in  roan  consiBts 
of  three  portioiiis,  kuuwii  respectively  m  the  external  ear,  the 
miadle  ear  or  ipnpauum^  and  the*  inlerntrl  ear  or  labyrinth; 
tjie  latter  contains  the  end  organs  of  the  auditory  nerve. 
The  external  ear  consists  of  the  expansion  seen  on  the  ex- 
terior of  tlie  heudj  i-ulled  the  eoiwha,  Af,  Fig.  Ui"^,  and  a  pas- 
sage leading  in  from  it,  the  exitrnal  audiiori/  meatus,  0. 
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Fin,  t63.— Semldlajfrjimnmtic  section  rhroujR^h  th*>  rljfht  <»«r  (CJW*rmakK  If, 
conchK;  O,  *3rl«mal  amiiiory  iii«'atii» ;  T,  iyn>imiiiL-  iii(^nibnsiii<* ;  P,  tym\^uic 
ciivity  ;  o.  oval  formutfti ;  r,  rouiid  forivn*en  ;  H,  fibmry tiKv&\  ofiwnine  of  Kutti^ 
cbfan  tiitxp  ;  l\  v««iiltjuli*  ;  B,a  st^rnk^ircutEir  can&l  ;  ^\  the  co(.'htea  ;  Vt*  scala  Tei^ 
Ubyll ;,  Ft,  M»la  tjcnpanl  ;  .-4.  auditory  nerve. 

This  passage  is  closed  at  its  inner  end  by  the  tt/mpanic  or 
drum  membrane,  T,  It  is  lined  by  skin,  through  which 
nymerous  gninll  glands,  secreting  the  wax  of  the  ear,  open. 

The  Tympanum  (/\  Fig,  162)  18  an   irregnlar  cavity  in 
the  temporal  bone,  closed  externally  by  the  drtim  menibrane* 
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From  its  inner  side  the  Eustachian  tube  (R)  proceeds  to  the 
pharynx,  and  the  mucous  membrane  of  that  cavity  is  con- 
tinued up  the  tube  to  line  the  tympanum;  the  proper  tym- 
panic membrane  composed  of  conneetive  tissue  is  therefore 
covered  by  mucous  membrane  on  its  inner,  as  it  is  by  very 
thin  skin  on  its  outer,  side.     In  the  bony  inner  wall  of  the 
tympanum  are  two  small  apertures,  the  oval  and  round  fora- 
mens,  o  and  r,  which  lead  into  the  labyrinth.     During  life  the 
round  aperture  is  closed  by  the  lining  mucous  mexiibraue,  and 
the  oval  in  another  way,  to  be  described  presently.     The  t^ftn- 
panic  membrane^  T,  stretched  across  the  outer  side  of  the 
tympanum,  forms  a  shallow  funnel  with  its  concavity  oat- 
wards.     It  is  pressed  by  the  external  air  on  its  exterior,  and 
by  air  entering  the  tympanic  cavity  through  the  Eustacliian 
tube  on  its  inner  side.     If  the  tympanum  were  closed   the 
pressures  on  the  inner  and  outer  sides  of  the  drum  membrane 
would  not  be  always  equal  when  barometric  pressure  varied, 
and  the  membrane  would  be  bulged  in  or  out  according  as 
the  external  or  internal  pressure  on  it  were  the  greater.     On 
the  other  hand,  were  the  Eustachian  tube  always  open  the 
sounds  of  our  own  voices  would  be  loud  and  disconcerting,  so 
it  is  usually  closed;  but  every  time  we  swallow  it  is  opened, 
and  thus  the  air-pressure  in  the  cavity  is  kept  equal  to  that 
in  the  external  auilitory  meatus.     Hy  holding  the  nose,  keep- 
ing the  mouth  sliut,  and  forcibly  expiring,  air  may  be  forced 
under  pressure  into  the  tympanum,  and  will  be  held  in  part 
imprisoned   there   until   the   next   act  of  swallowing.      On 
making  a  balloon  ascent  or  goinjx  rapidly  down  a  deep  mine, 
the  su(hlen  and  great  change  of  arrial  pressure  outside  fre- 
quently causes  jminful  tension  of  the  drum  membrane,  which 
may  be  greatly  alleviated  by  frequent  swallowing  movements. 
The  Auditory  Ossicles.     Tliree   snuill   bones   lie  in  the 
tympanum  forming  a  chain  from  tlie  drum  membrane  to  the 
oval  foramen.     The  external  bone  (Fig.  \Cu\)  is  the  malleus 
or  hammer;    the  middle  one,  the  inrus  or  anvil:  and   the 
internal,  tlie  staitra  or   stirrup,     Tlie  malleus,    J/,   has   an 
upper   enlargement    or   hratL   which    oarri.^s    on    its    inner 
side  an  artieiilar  surface  for   the   ineiis;    below  the  head  is 
a  constriction,  tlie   neck\  and  below  tliis  two  processes  com- 
plete tlie  bone:   one,   tiie   lo)i(j   or     slender  process^  is   im- 
bedded  in   a  ligament  whi(rh    reaelies   from  it  to  the  front 
wall    of    the   tynij>anum;    the   other    process,    the     handle. 
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reaches    down    between   the   mucous   membraue  lining  the 

inside  of  the  (hum  ineinbrane 

and    the    niembnine    j) roper,  J©  ^Sh 

and  ti  firmly  attached  to  the  '^ 

latter  near  its  centre  and  keeps    Mcp 

the  menibnuie  dragged  in  there 

so  as  to  give   it   its   peculiiir     mc  . 

concave   form,  as  seen   from  _ 

the  outside.     The  iuciiB  has  a  mi^ 

body  and  two  proet^sses,  and  is         ^ 

much  like  a  molar  tooth  with        "J" 

two  fangs.     On  its  body  is  an  (/        Jpl 

articular  hollow  to  receive  the 

hea<l  of  the  malleus;  its  short     p^„.  mi-^The  muiitorr  oiwicienof  u,© 

nrfiPpfiB  i  Tfi\  ifl  fiH»i*>hivl  Kvlio-o  rlKht*ar.  ae^a  tnttn  the  froMt  M,  iirnl- 
piOCeSS  {rJO)  )ti  iillilcntCJ  D\  Uga-   j^.^^^  .  j  1,,^.^^^.  .   ,,.    hIhp^  ;    ,Wc7i,  hmil  of 

ment  to  the  back  wall  of  the  ti"^  "^ftH*^^f :  ^1' aZ^!" i^U^^'l'^  ' jf't^? 

prcHrt?«»;  jJtf*,  handle;  Jt-v  tualy,  Jh,  nhort, 

tympanum;  the  lon^  proeesa  ^^'}  •^f-  i">iir  proi*^  of  i^eiis;  Jpi,  m 

■'       * ,  ^    *"  oiifirti^aier .  5cp,  head  of  eUptfe. 

\Jl)  18  directed  inwards  to  tfie 

stapes;  on  tbo  Up  of  thi«  process  is  a  little  knob,  which  rep- 
resents a  bone  (os  orbiculare)  distinct  in  early  life.  The 
«fcapes  (S)  is  extremely  like  a  stirrup,  and  its  base  {the  foot- 
piece  of  the  8tirru|>)  tits  into  the  oval  foranien,  to  the  margin 
of  which  its  etl^G  is  united  by  a  fibrous  membrane,  allowing 
of  a  little  ]ihiy  in  aTul  out. 

From  the  posterior  side  of  tlie  neck  of  the  malleus  a  liga- 
ment passes  to  the  back  wall  of  the  tympanum:  this,  with 
the  ligament  imbedding  the  slender  process  and  fixed  to  the 
front  wall  of  the  tympantim,  forme  an  antero-posterior  arial 
ligameni,  on  which  the  malleus  can  slightly  rotate,  so  that  the 
handle  can  be  jnished  in  and  tiie  head  ont  and  ru:e  vrrm. 
If  a  pin  be  driven  through  Fig,  163  just  below  the  neck  of 
the  malleus  and  perpendicular  to  the  paper  it  will  very  fairly 
refn-esent  this  axis  of  rotjition.  Connected  with  tbe  malleus 
is  a  tiny  muscle,  called  the  hnsor  tifivpaHi:  it  is  inserted  on 
the  handle  of  the  bone  below  the  axis  of  rotation »  and  when 
it  contracts  pulls  the  handle  in  and  tightens  the  drum  mem- 
brane. Another  muscle  (the  stapedius)  is  inserted  into  the 
outer  end  of  the  stapes,  and  when  it  contracts  fixes  the  bone 
so  as  to  limit  its  range  of  movement  in  and  out  of  the  fenestra 
oval  is. 

Th©  Internal  Ear.  Tlie  labyrinth  consists  primarily  of 
chambers  and  tubes  hollowed  out  in  the  tem|>oral  bone  and 
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inclosed  bj  it  on  till  sides,  except  for  the  oval  aud  ronod 
foriiiueng  on  iU  exterior,  and  certain  a}>erttires  on  its  inDer 
side  by  which  Ulood*v6SdeU  and  hnu^'hes  of  the  audi  lory 
nerve  enter;  liuring  life  all  these  are  closed  waier-tio^bt  in  ont 
way  or  another.     Lying  in   the  bon^  labyrinth  thua    coosti- 


no.  IM— TAttflOf  the  htmj  l^byrtnih.    A,  Mt  Uibjrtnth  aeeti  from  fhi«  outrp 

ftM#  :  fi,  tiicUt  l&bvniith  frvin  Thr  litnt-r  •idf  ;  C  »**fi  l«brrli4h  frooi  nhcfre  :  AV. 
rotintl  r«tniiut*n  ;    fVv    oviti    furHiiien  .   h,    lict  If0lit«l    iiriniclitMilar  canal;    An,   lU 

pcHt>'i-N>r  T^Tiiciyi  MfnulctrcuUr  vmii*! ;  tr,  eonjoiiicd  purtion  uf  the  i«ro  rertJcjU 
Oftiittb. 

tuted,  are  iiiembraBous  parta,  nf  the  same  general  form  but 
sniaHer,  so  that  between  the  two  a  space  is  left;  this  i$  filled 
with  a  watery  fluid,  called  the  peiilymph;  and  the  niem- 
branatts  internal  mv  is  filled  by  a  similar  liquid,  the  end^ 
lymph. 

The  Bony  Labyrinth-  The  bony  labyrinth  18  described 
in  three  portions,  the  vrstihuh,  the  ,s€mieirculnr  canah^  and 
the  cochlea  ;  casts  of  its  interior  are  represented  from  differ- 
ent aspects  in  Fig.  1G4.  The  vestibule  is  the  central  piirt 
and  has  on  its  exterior  the  oval  foramen  (/V)  into  which  the 
base  of  the  stirrup- bono  fits.  Ik  hind  tlje  vestibule  are  three 
bony  semicircuhir  canals,  comniu nitrating  with  the  back  of 
the  vestibule  at  each  end,  and  dilated  neurone  end  to  form 
an  ampitila  (vpa,  van,  and  fta).  The  horizontal  canal  lies  in 
the  plane  which  its  name  implies,  and  has  its  ampulla  at  the 
front  end.  The  two  other  canals  lie  vertically,  the  anterior 
at  right  angles,  and  the  ]>osteri<»r  pnrnlUd,  to  the  mt^linn 
anten>iK>8terior  vertie/d  plane  of  the  head.  Their  ampullurr 
ends  are  turned  forwards  and  open  close  together  into  the 
Testibule;  their  posterior  ends  unite  (fc)  and  have  a  common 
T66tibular  opening. 

The  bony  cochlea  is  a  tube  coiled  on  itself  somewhat  like 
a  anairs  ehell^  and  lying  in  front  of  the  vestibnte. 
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Vila  Membranous  Labyrinth.  The  tiiembranons  vesti- 
bnle»  lying  in  the  bony,  ooiisists  of  two  mcs  eointnunicuting 
by  t\  narrow  aperture.  The  posterior  '\&  culled  the  uiriculus^ 
and  into  it  the  menjbran- 
ous  semicircular  canals 
open*  I'he  anterior,  ealled 
the  sacculus^  corn  run  ni- 
cates  by  a  tube  with  the 
membranous  cochlea.  The 
nieni  branou  s  8e  ni  iei  rcu  lar 
canals  much  resemble  the 
bony,  and  each  has  an 
ampulla;  in  most  of  their 
extent  they  arc  only  united 
bv  a  few  irreiruhu"  conTiec-      ^^°  i«.v— a  av«iioo  tiiminfh  ihtt  cDcUiea 

/  11         .   .        ,       In  the  Hue  of  its  iulUl 

tive-tiasue  bands  wjth   the 

periosteum  lining  the  bony  canals;  but  in  the  ampulla  one 
side  of  tlje  memhranoni?  tube  ie  i-hjsely  adlierent  to  its  bony 
protector;  at  this  point  nerves  enter  the  former.  The  rela- 
tions of  the  mem  bran  oua  to  the  bony  cochlea  are  more  com- 
plicated. A  section  tbrouii^b  this  part  of  the  auditory  appa- 
ratus (Fig.  llJ5)  shows  that  its  o^seuus  })ortion  consists  of  a 
tube  wound  two  and  a  half  times  (from  left  to  right  in  the 
right  ear  and  vice  per>m}  around  a  central  bony  axis,  tlie 
modiolus.  From  the  axis  a  shelf,  the  himina  spiralifi^  pro- 
jects and  partially  subdivides  tlie  tube,  extending  farthest 
across  in  its  lower  coils;  Attached  to  the  outer  eilge  of  this 
bony  plate  is  the  membranous  cochlea  {nmla  media) ^  a  tube 
triangular  in  cross-section  and  attached  by  its  base  to  the 
outer  side  of  the  bony  cochlear  Bpiral.  The  spiral  lamina 
and  the  membranous  cochlea  thes  subdivide  the  cavity  of  the 
bony  tube  (Fig,  I(jG)  into  an  upper  ]iortioii,  tlie  satin  vesH- 
hull,  iSV,  and  a  lower,  the  scala  (i/mpani^  ST,  between  these 
lie  the  lamina  spiralis  (Iso)  and  the  membranous  cochlea  (6'C'), 
the  latter  being  bounded  above  by  the  membrane  of  Heissner 
(Ii)  and  below  by  the  basilar  menibrane  (6).  The  free  edge 
of  the  lamina  spiralis  is  thickened  and  covered  with  con- 
nective tissue  which  is  hollowed  out  so  as  to  form  a  spind 
groove  (the  sulcus  f^pirnlia,  /*>?)  alon*r  the  whole  length  of  the 
membranous  cochlea.  The  latter  does  not  extend  to  the  tip 
of  the  bony  cochlea;  above  its  apex  the  Bcala  vestibuli  and 
8cala  tympani  join;  both  are  filled  with  perilymph,  and  the 
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former  communicates  below  with  tlie  perilymph  cavity  of  the 
vestibule,  while  the  scala  tympani  abuts  below  on  the  round 
foramen,  which,  as  has  already  been  pointed  out,  is  closed  by 
a  membrane.      The   membranous   cochlea  contains   certain 


Fio.  106.— Section  of  one  coil  of  the  cochlea,  mniniifl^.  8V,9eala  veaftbftii; 
/?,  ineiiibrane  of  Keiasiier:  CC\  iiieiiibraiiouH  cochlea  Kacala  media);  Us,  Itmbus 
laminoi  spiralis:  t,  tectorial  membrane;  ^T,  »caUi  tynijwni ;  alto,  spiral  laniioa  ; 
Co^  rodH  of  Corti :  b,  basilar  membrane. 

solid  structures  seated  on  the  basilar  membrane  and  forming 
the  ore/an  of  <.'orti  ;  the  rest  of  its  cavity  is  filled  with  endo- 
lymph,  which  has  free  passan;e  to  that  in  the  sacculue. 

The  Organ  of  Corti.     This   contains  the  end  organs  of 

the  cochlear  nerves.  Lininof  the  sulcus  spinilis  are  cuboidal 
cells:  on  the  inner  marfifin  of  the  ])asilar  membrane  the  cells 
become  columnar,  and  then  are  succeeded  by  a  row  which  bear 
on  their  upper  ends  a  set  of  short  stitf  hairs,  and  constitute 


Kio  ]R7  —  rij«-  rods  of  Corti.  A,  t\  pair  of  ro<ls  separati^d  from  the  re«t  ;  B.  a 
l)it  «»f  \\n'  iuisiiur  iiu«mi>ranp  with  s»*\eral  hmIs  on  it,  snowing  how  tht-y  covnr  in 
the  tiutiiil  i}j'  <\„ti :  /.  inner,  and  <-,  onit-r  it^ds  ;  />,  basilar  nifnibraue  ;  r,  reticular 
nienibi-ant>. 

the  inner  hair-cell  a,  which  are  fixed  below  by  a  narrow  apex 
to  the  basilar  niernbrane  ;  iierve-libros  eiiler  them.  To  the 
inner  liair-colls  succeed  the  rods  of  (Atrii  {('o,  V'lfr,  IGG), 
which  are  re|)resented  mu(;h  niai^nitied  in  Fi<r.  167.  These 
rods  are  still  and  arranged  side  by  side  in  two  rows,  leaned 
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againet  one  an  other  by  their  upper  ends  so  aa  to  cover  in  a 
tunnel;  they  are  kuovvu  respectively  as  the  inmr  and  outer 
rods,  the  former  being  nearer  tlie  lamina  spiralis.  Each 
has  a  somewhat  dilated  base,  lirnily  fixed  to  the  basiliir  mem- 
brane; an  expanded  head  wliere  it  meets  its  fellow  (the  inner 
rod  presenting  there  u  concavity  into  which  the  rounded 
liead  of  the  outer  Hts);  and  a  slender  shaft  uniting  the  two, 
slightly  curved  like  an  italic  /.  The  inner  rods  are  more 
slender  and  more  nnnierous  than  the  outer,  the  numbers 
being  about  t>OOU  and  4500  respectively.  Attached  to  tha 
external  sides  of  tlie  head  of  the  outer  rods  i%  ih^  reiicftlar 
membra  us  (r,  B^ig.  1(j7),  which  is  stiff  and  pierf  orated  by 
holes.  External  to  the  outer  rods  come  four  rows  of  outer 
Itair-ceHs,  connected  like  the  inner  row  with  nerve-fibres; 
their  bristles  project  into  the  holes  of- the  reticular  mem- 
brane. Heyond  the  outer  Viair-colls  is  ordinary  columnar 
epilheUnni,  which  ptisses  gradually  into  cuboidal  cells  lining 
most  of  the  membranous  cochlea.  The  upper  lip  of  the 
sulcus  spiralis  is  uncovered  by  epithelium,  and  is  know^n  as 
the  iimbun  hfiunw  spiralis;  from  it  projects  the  tectorial 
membra  tie  (/,  Fig.  1G6)  which  extends  over  the  rods  of  Corti 
aud  the  hair-cells. 

Nerve-Endings   in   the   Semicircular  Cftnals  and  the 
Vestibule*     Mednllated  fibres  ( /,  Fig.  108)  from  the  vestib- 
ular branch  of  the  auditory  nerve  are  distributed  along  a  line 
across   the    ampulla   of   each 
semicircular  cauai    They  lose 
their  medullary  sheath   close 
to  the   basement   membrane, 
a,  wiiicb    tlie   axis   cylinders 
pierce.      Tlie   axis    cylinders 
branch  among  the  epithelium 
cells,  which  at  this  ]ilaee  are 
several  rows  thick,  but  have 
not  yet  been  traced  into  direct  h 
continuity  with  any  of  them. 
The  cells  of   tlie   epitlielium       ^ 
are    of    two   varieties.      The      f 
cnhiffifiar  cells  or  ftatr  cells,  c, 
do   not    reach    the 
membrane,  are 
filightly  granular;  from  the  free  end  of  each  projects  a  rigid 
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hair  process^  d.    The  remaining  cells,  rod  cells,    b,  are   in 
several  rows:  each  has  a  slender  inner  process  extcDdiiig  to 
the  basement  membrane  and  an  outer  which  reaches  to  the 
bases  of  the  columnar  cells  and  appears  there  to  end  in  a 
rigid  membrane,  e,  which  is  perforated  for  the  passage  of  the 
hairs.      They  probably  are  mere  supporting  structures  an- 
swering somewhat   to  the   fibres  of   Muller  of  the   retina. 
After  death  the  hairs  tend  to  break  up  into  a  bunch  of  fila- 
ments, and  they  are  found  imbedded  in  a  sticky  mucns-like 
material,  which  is  probably  a  post-mortem  product:  it  has 
been  named  the  cupula  terminalifi.      In  some  parts  of  the 
utricle  aiid  saccule  is  a  region  of  epithelium  very  similar  to 
that  above  described,  and  also  supplied  with  nerve-fibres.      In 
connection  with  them  are  found  minute  calcareous  particles, 
— otoliths  or  ear-stones. 

The  Loudness,  Pitch,  and  Timbre  of  Sounds.  Sounds, 
as  sensations,  fall  into  two  groups — notes  and  noises.  Physi- 
cally, sounds  consist  of  vibrations,  and  these,  under  most 
circumstances,  when  they  first  reach  our  auditory  organs,  are 
alternating  rarefactions  and  conclonsations  of  the  air,  or 
aerial  waves.  When  the  waves  follow  one  another  inii- 
fornily,  or  pcriodiraUii,  tlie  result ini;  sensation  (if  any)  is  a 
note;  when  tlie  vibrations  are  aperiodic  it  is  a  noise.  In 
notes  we  recognizx'  (1)  loudness  or  intensity;  ('^)  pitch;  (:}) 
quality  or  (imhrv,  or,  as  it  lias  been  called,  tone  color;  a  note 
of  a  given  loudness  and  pitch  pnnluced  by  a  flute  and  by  a 
violin  has  a  diflerent  character  or  individuality  in  each  case; 
this  (juality  is  its  timbre.  Hefore  understanding  the  work- 
ing of  the  auditory  nie('lianisni  we  must  get  some  idea  of  the 
physical  qualities  in  objective  sound  of  which  the  subjective 
differences  of  auditory  sensations  are  signs. 

The  hrudnrss  of  a  sound  dej)en<ls  on  the  force  of  the  aerial 
waves;  the  greater  the  intensity  of  the  alternating  condensa- 
tions and  rarefactions  of  these  in  the  external  auditory 
meatus,  the  louder  the  sound.  The  pitch  of  a  note  dej)end8 
on  the  length  of  the  waves,  that  is  the  distance  from  one 
point  of  greatest  condensation  to  the  next.tu-  (what  amounts 
to  the  same  thing)  on  the  innuher  of  waves  reaching  the  ear 
in  given  time,  say  a  second.  Tlie  siiorter  the  waves  the 
more  rapidly  they  follow  one  another,  and  the  higher  the 
pitch  of  the  note.  When  audible  vibrations  bear  the  ratio 
1:2  to  one  another,  we  hear  the  musical  interval  called  an 
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octave.  The  note  c  on  the  lumccented  octave  is  due  to  132 
vibmtiona  iu  a  second.  The  note  r\  the  next  liiglier  octave 
of  tliis,  is  produced  by  «(i4  vibnitioiis  in  a  second;  the  next 
lower  octave  (great  octave,  C),  by  66;  and  so  on.  Sound 
vibrations  may  be  too  rapid  or  too  f^low  in  suoqession  to  pro- 
duce sonorous  seusntions,  just  aa  the  ultra-violet  and  ultra- 
red  rays  of  the  soliir  spectrum  fail  to  excite  tlje  retina.  'J*he 
highest-pitched  audible  note  aiiswors  to  about  38,016  vibra- 
tions in  a  second,  but  it  differs  in  individuals;  many  jiersons 
cannot  hear  the  cry  of  a  bat  nor  the  chirp  of  a  cricket,  which 
lie  near  this  upper  audible  liuiit.  Uu  the  other  hand,  sounds 
of  vibrational  rate  about  40  per  second  are  not  well  heard^ 
aud  a  little  ?>clow  tliis  become  inaudilde.  The  highest  note 
used  in  orchestras  is  the  d^  of  the  tiftli  accented  octave,  pro- 
duced by  the  piccolo  tluto,  due  to  475'^  vibrations  in  a  second; 
and  the  lowest-pitched  is  the  A\,  of  the  contra  octave,  pro- 
duced by  the  double  bass.  Modem  grand  pianos  and  organs 
go  down  to  C,  in  the  contra  oclave  {X\  viljrations  ptT  second) 
or  even  .4",  (vT.J),  hut  the  tnuj^ical  quality  of  such  notes  is 
imperfect;  they  produce  rattier  a  **  iiuiu  *'  than  a  true  tone 
sensation,  aud  arc  only  used  along  with  notes  of  higher 
octaves  to  which  they  give  a  character  of  greater  depth. 

Pendular  Vibrationa.  Since  the  loudness  of  a  tone  de- 
pends on  the  vibrational  amplitude  of  its  physical  antece- 
dent, and  its  pitch  on  the  vil^ratioual  rate,  we  have  still  to 
seek  the  cause  of  hmhrf;  the  quality  by  which  we  recognize 
the  human  voice,  the  violin,  the  piano,  aud  the  flute^  even 
when  ail  sound  the  same  note  an<l  of  the  same  loudness. 
The  only  quality  of  periodic  vih rations  left  to  account  for 
this,  is  what  we  may  call  hut  re-form.  Think  of  the  movement 
of  a  pendulum;  starting  slowly  from  its  highest  point,  it 
sweeps  faster  aud  faster  to  its  lowest,  and  then  slower  and 
slower  to  its  highest  point  on  the  opposite  side;  and  then 
repeats  the  movements  in  the  reverse  direction,  Oruphically 
we  may  represent  such  vibrations  by  the  outer  continuous 
curved  line  in  Fig.  169.  Suppose  the  lower  end  of  the  pen- 
dulum to  bear  a  writing  point  winch  marked  on  a  sheet  of 
piiper  travelling  down  uniformly  beliind  it,  aud  at  such  a  rate 
as  to  travel  the  distance  0-1  in  two  seconds.  If  the  pendu- 
lum were  at  rest  the  straight  vertical  line  w^ould  l»e  drawn. 
But  if  the  pendulum  were  swinging  we  would  get  a  curved 
line,  compounded  of  the  vertical  movement  of  the  paper  and 
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the  to-and-fro  movement  of  the  pendulam,  writing  sometimei 
on  one  side  of  the  line  0-1-2  and  sometimes  on   the  other. 
Starting  at  a  moment  when  the  pendulum  crosses  the  middle, 
0.  we  would  get  described  the  curve  0,  a^a^a^,  at   first  sepa- 
rating Uist  from  the  vertical  line,  then  slower,  then  return- 
ing, at  tirst  gradually,  tlien  faster,  until  it  crossed  the  vertical 
again  at  the  end  of  a  second,  and  commenced  a  similar  ex- 
cursion on  its  other  side,  at  the  end  of  which   it  would   be 
baok  at  1.  and  in  just  the  same  position,  and  ready  to  repeat 
exactly  tue  swing,  with  which  we  commenced.     A  pendulum 
thus  executes  similar  movements  in  equal 
perioils  of  time,  or  its  vibrations  are  period ic 
A  full  swing  on  each  side  of  the  position  of 
rost  c*onstitutes  a  complete  vibration,  so  the 
vibrational  period  of  a  seconds  pendulum  is 
two  seconds:   at  the  end  of  that  time  it  is 
prei*isely  where  it  was  two  seconds  before, 
and  moving  in  the  same  direction  and  at  the 
same  rate.     It    is  clear  that  by  examining 
such  a  our^e  we  could  tell  exactly  bow  the 
l^ minium  moved,  and  also  in  what  period,  if 
we  k::ew  the  rate   ar  which   the   paper    on 
^:.:  ii    it?    v.!:.:    wr^ie    was   moving:.     The 
\  t  r: : '  a'.  '. : :. o   ^ '- '.  -*J   is  call t-d  t he   a h^cii^sa  ; 
Tt  ri'vii.::.  .■.lar>  ■iraATi    from  i:  and   meeting 
::.•'     "r-.e  arv        .'.■.••:<:  e:jual  lengths  on 
:  • .  V  a :  > . :  >>.»  >: :  tv ^ v r. :  v-< \ \\  al  : :  nies :  w here  an 
<.'r  iir.a'.f  :r  ::.  a  j.^t-:;  w-::::  of  the  a^»scissa 
n:^'.  :s  :::o  o::rvv,  :•:•  rt-  :::c  writing  point  was 
a:  :;..»:  ni.ir.v:.::  ^r.tro  siivW-ssive  ordinates 
:!.;rv;*5e  v  r    .1-.  .r  i^-r    r.i:  i  :'t  the  pendulum 
::..*.•_:  f.*>:   :':■  ::;  i.r  '..-•Aar.:>  i:s  yosition   of 
r-,s:.    .»:  :    ..       ::    *  *.     >:'^::-ar:y.  ai.y  other 
:  •:  r .    : :  *  :: .  v , :: .  - : . :    ::  i v  ■  ^  y^ rf e^*: >  repre- 
>t:  :•:  ':  ".  y  ,.'.:r.'.  >:  a:.  :  >::  .-e  :::e  form  of  tbe 
: .  :r » '.   :  •,    >  r.  >  a  * .  a  •  .. :  : ": .  r  ir.  v  emen  t .  it   is 
k    :'  :    i  "  f  7  V.     :  ..  -.  Vra::  ::."  n-.eaning  tbe 
' .  -    Ti : .    . .  : : . :  ::.*:>  : :  5   .    .i r.»c tr rs      Period  ic 
.  A  :.  >v  .-:     a:t<  a:   f.r>:  jr:w  fat?:,  then 
\       ::::..'.-..    >'  •  ^ '  •    .s-  :    : . . - :.    faster,   and 
I  >.::'.::.,::  ,..*.  ;.:rv;   ^ :.   ::.r  sir  :  he  abscissa. 
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which  ia  repeated  exactly  on  the  other  side  of  the  abBcissa, 
are  known  us  jiLvndoIar  vibrations. 

The  Composition  of  Vibrations,  1'he  vibrations  of  a 
eecoiida  pt^ndulum  get  the  air^parti^les  in  contact  with  it  in 
Bijnihir  niovement,  but  the  at-rial  waves  succeed  one  another 
too  i*b>wly  to  pnidutie  in  us  the  sensation  of  a  niUKJral  Jiote. 
If,  for  the  |>endidiHn,  we  siibstitnte  a  tuning-fork  {the  prongs 
of  which  move  in  u  like  way),  and  the  fork  vibrates  1:^2  times 
per  1",  then  13'-J  aerial  waves  will  fall  on  the  tynipaidc  ineni- 
brane  in  that  time,  and  we  will  hear  the  note  r  of  the  nnac- 
cented  octave.  If  the  lurgef  continuous  curve  in  Fig.  tti9 
represent  the  aerial  vibratioiiH  in  this  cafte,  tlie  distance  0  to 
1  on  the  abscissa  will  represent  ^Jg  of  a  second.  Let,  simnl- 
tant'ously^  the  air  be  set  in  movement  by  a  fork  of  the  next 
higljer  octave,  c\  nuikiug  *2(i4  vibrations  per  1":  under  the 
influence  of  this  second  fork  alone,  the  aerial  particles  would 
move  aa  represented  by  the  line  0,  b\  b\  and  so  on,  the 
waves  being  half  as  long  nui\  cutting  the  abscissa  twice  as 
often.  But  when  both  forks  act  together  the  aerial  move- 
ment will  he  the  algebniie  snm  of  the  movements  tlno  to 
each  fork;  when  both  drive  the  air  one  way  they  will  rein- 
force one  another,  and  vice  versa:  the  result  will  he  the 
movement  represented  by  the  dotted  line,  whitdi  is  still 
periodic,  rei>eating  itself  at  equal  intervals  of  time,  but  no 
longer  pendftltrry  since  it  is  not  alike  on  the  ascending  and 
descending  lindis  of  the  cnrves.  We  thus  get  at  the  fact 
that  nou*pendiihir  vibrations  may  be  produced  by  the  fu- 
8io»i  of  peudnlar,  or,  in  technical  phrase,  by  their  compO' 
aiiinn, 

Stip|M>8e  several  musical  instruments,  as  thogc  of  an  or- 
chestra, to  be  sounded  together.  Each  produces  its  own 
effect  on  the  air-partitdes,  wliosc  movements,  being  the  alge- 
braical 8um  of  those  due  to  all,  ntust  at  any  given  instant  be 
very  complex;  yet  the  ear  can  pick  out  at  will  and  follow  the 
tones  of  any  one  instrument.  From  the  complex  acriul 
movement  it  can  select  that  fraction  of  it  wlui-h  one  vibrat- 
ing body  produces.  The  air  in  the  external  auditory  meatns 
at  any  given  moment  can  only  be  in  one  state  of  rarefaction 
or  condensation  atul  at  one  rate  and  in  one  diret^tion  of  move- 
ment, this  being  tlie  resultant  of  all  the  forces  acting  upon 
it;  all  clashing,  and  some  pushing  one  way  and  others  an- 
other    If  the  resultant  movement  be  not  periodic  it  will  be 
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recogniied  m  due  to  noises  or  to  leTenl  simultanaocu  in- 
harmonic musical  tones;  this  is  commonly  the  case  when 
musical  tones  are  not  united  designedly,  mnd  the  eer  thus 
gets  one  criterion  for  distinguishing  movements  of  the  air 
due  to  several  simultaneous  musical  tones.  HoweTer,  m  com- 
posite set  of  tones  will  give  rise  to  periodic  vibrmtiona  when 
all  are  due  to  vibrations  of  rates  which  are  ninltiples  of  the 
same  whole  number.  In  such  cases  the  moTement  of  the 
air  in  the  auditory  meatus  has  no  property  except  yibrational 
form  by  which  the  ear  could  distinguish  it  from  m  aimide 
tone;  when  the  two  tuning-forks  giving  the  fonns  of  vibra- 
tion  (with  rates  as  1  to  2),  represented  in  Fig.  169  by  con- 
tinuous lines,  are  sounded  together,  we  get  the  new  form  of 
vibration  represented  by  the  dotted  line,  and  this  hss  the 
same  period  as  that  of  the  lower-pitched  fork;  yet  the  ear 
can  clearly  distinguish  the  resultant  sound  from  that  of  this 
fork  alone,  as  a  note  of  the  same  pitch  but  of  different 
timbre;  and  with  practice  can  recognise  exactly  what  simple 
vibrations  go  to  make  it  up. 

The  Analysis  of  Non-Pendular  Vibratloiis.     If  m  per- 
son with  a  trained  ear  listens  attentively  to  any  ordinary 
musical  tone,  such  as  that  of  a  piano,  he  hears,  not  only  the 
note  whose  vibrationul  rate  dctermiiies  the  pitch  of  the  tone 
as  a  whole,  but  a  whole  scries  of  liigher  notes,  in   harmony 
with    the  general   or   fundamental  tone;  this  latter   is    the 
primary  partial  tone^  and  the  others  are  secondary  partial 
tones;  nearly  all  tones  used  in  music  contain  both.     If  the 
prime  tone  he  due  to  13*^  vibrations  a  second  (c),  its    first 
upper  partial  is  c'  (=  264  vibrations  per  second);  the  next  is 
the  fifth  of  this  octave  (/  =  396  =  132  X  3  vibrations  per  1'); 
the  next  is  the  second  octave,  c"  (132x4  =  528  vibrations  per 
r);  the  next  is  the  major  third  of  the  c"  (=  132  X  5  =  660 
vibrations  per  second  =  e"),  and  so  on.     The  only  fomi  of 
vibration  which  gives  no  upper  partial  tones  is  the  pendular; 
we  may  call  notes  due  to  such  vibrations  simple  tones;  and 
we,  consequently,  recognize  in  music  tones  which  are  simple 
(such  as   those  of  tuning-forks)  and  those  which  are  com- 
pound; these  latter  are  non-pendular  in  form. 

We  find,  then,  that  the  form  of  aerial  vibrations  deter- 
mines in  our  sensations  the  occurrence  or  non -occurrence  of 
upper  partial  tones.  It  also,  as  we  have  seen,  determines  the 
quality  or  timbre  of  the  tone,  since  vibrational  amplitude  and 
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rate  are  otherwise  accounted  for  io  sensation  by  loudness 
and  pitch. 

It  can  be  proved,  by  the  employment  of  the  higher  miitlie- 
niatica,  that  every  periodic  non-pendulur  movemeut  can  be 
analyzed  (as  the  dotted  curve  of  Fig,  169  may  be)  into  a 
given  number  of  pendnlar  vibrations,  that  i8,.every  compound 
vjbr:itioir  inio  a  «ei  of  simple  uues;  and  that  every  periodic 
non-peiidnlar  vibratitjn  caii  be  made  by  the  combination  of 
pendnlar.  Moreover,  any  given  compound  vibration  can  be 
anulyzed  into  but  one  set  of  siiople  ones;  no  otlier  combina- 
tion will  iiroduce  it,  Conee(|uezitly  a  vibrational  moveinent 
of  the  air  in  the  external  anditory  passage,  producing  a  com- 
pound musical  tone  sensation,  can  be  exhibited  in  every  case, 
but  only  iu  one  way,  as  the  sum  of  a  number  of  simple  vibra- 
tions, whose  rates  are  multiples  of  that  which  determines  the 
pitch  of  tiie  tone. 

Now  when  the  trained  ear  listens  to  a  tone  with  tlje  ob^ 
]eet  of  detecting  upper  partjnls  if  present,  it  hears  them  only 
wlien  the  vibrations  producing  the  tone  are  non-peudular, 
i.e,  when  upptT  partials,  theoretically,  miglit  be  expected; 
and  those  heard  are  exactly  those  demanded  by  theory;  by 
the  help  of  instruments  their  dett^ction  in  nnide  easy  even  to 
untrained  ears.  In  ordinary  rircumstanees  we  do  not  heed 
secondary  partial  tones;  we  hear  a  note  of  the  pitch  of  the 
prinniry  partial  and  of  a  certain  timbre;  and  whenever  the 
upper  partials  present  are  different,  or  of  different  relative 
intensities,  the  tim'  re  nf  the  note  varies.  Hemxi  it  beccirnes 
probable  that,  just  as  the  car  can  at  will  follow  any  instru- 
ment in  ati  orchestra,  analyzing  the  aerial  movement  so  as  to 
select  and  follow  the  fraction  of  the  w^hole  due  to  that  one, 
so  it  can  and  does  analyze  compound  tones  w^hon  proeeeding 
from  one  instrument,  and  that  the  upper  partials.  not  rising 
into  consciongness  as  definite  tones,  but  present  as  subdued 
sensations,  give  its  character  to  the  whole  tone  and  determine 
its  timbre.  It  mis^ht  be,  however,  that  the  composition  of 
non- pendnlar  vibrations  from  pendnlar  was  a  mere  mathe- 
matical poRsihility,  having  no  real  existence  in  nature.  Be- 
fore we  can  accept  thi?  above  explanation  of  timbre,  we  must 
see  if  there  is  any  evidence  that,  as  a  matter  of  fact,  non- 
pendnlar  vibrations,  not  only  ma^f  be>  but  are,  made  up  by 
the  combination  of  pendnlar. 

Sympathetio  Beaonanoe*     Imagine    slight    taps    to    bo 


670  TBS  HUKAN  BODY. 

giren  to  &  pendalom;  if  theee  be  repeftted  at  snch  interrali 
of  time  as  to  always  help  the  swing  and  never  to  retard  it^ 
the  pendnlnm  will  soon  be  set  in  powerfal  moTement    If 
the  taps  are  irregular,  or  when  regnlar  oome  at  soch  inte^ 
▼als  as  sometimes  to  promote  and  sometimes  retard  the  more- 
ment^no  great  swing  will  be  prodooed;  bat  if  thej  alwajs 
push  the  pendnlnm  in  the  way  it  is  going  at  that  instant* 
they  need  not  come  every  swing  in  order  to  set  np  a  powerfnl 
▼ibration;  once  in  two,  three,  or  four  swings  will  do.    A 
stretched  string,  snch  as  that  of  a  piano,  is  ao  Car  like  a 
pendulum  that  it  tends  to  vibrate  at  one  rate  and  no  other; 
if  aerial  waves  hit  it  at  exactly  the  right  timea  they  aoon  set 
it  in  sufficiently  powerful  vibrations  to  cause  it  to  emit  an 
audible  note.     By  using  such  strings  we  might  hope  to  de- 
tect the  separate  pendular    vibrations  in  any  non-pendalar 
atrial    periodic  movement  if   such  really  existed;   csertain 
strings  would  pick  out  the  pendular  component  agreeing 
in  rate  with  their  own  vibrational  period  and   be  aoon  set 
in  powerful  movement;  while  those  not  vibrating   in  the 
same  period   as  any  of  the    pendular  components,    would 
remain  practically  at  rest,  like  the  pendulum  getting  taps 
which  sometimes  helped  and  sometimes  impeded  its  awing. 
If  the  dam|)ers  of  a  piano  be   raised  and  a  note  be   sung 
loudly  to  it,  it  will  be  found  that  several   strings  are  set 
in  vibration,  such  vibrations  being  called  sympathetic.     The 
human  voice  emits  compound  tones  which  can  be   mathe- 
matically analyzed   into  8im})le  vibrations,  and  if  the  piano 
strings  set  in  movement  by  it   be  examined,  they  will  be 
found  to  be  exactly  those  which  answer  to  these  pendular 
vibrations    and   to  no  others.     We  thus   get  experimental 
grounds  for  believing  that  compound  tones  are  really  made 
up  of  a  number  of  simple  vibrations,  and  get  an  additional 
justification  for  the  sup|)osition  that  in  the  ear  each  note  is 
analyzed  into  its  pendular  com |>onents;  and  that  the  differ- 
ence of  sensation  which  we  call  timbre  is  due  to  the  effect  of 
the  secondary  partial  tones  thus  perceived.    If  so,  the  ear 
must  have  in  it  an  apparatus  adapted  for  sympathetic  reso^ 
nance. 

It  may  be  asked  why,  if  the  ear  analyzes  vibrations  in 
this  way,  do  we  not  commonly  perceive  it  ?  How  is  it  that 
what  we  ordinarily  hear  is  the  timbre  of  a  given  tone  and  not 
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the  separate  upper  partials  which  give  it  this  character? 
'11 1 e  explaiiatioo  is  more  psychok>gical  than  physjiological,  and 
belongs  to  the  eatne  category  as  the  reason  why  we  do  not 
ordinarily  uottce  the  blind  spat  in  the  eye,  or  tlie  doubleness 
of  objects  out  of  the  horopter,  or  the  duplicity  of  stereoscopic 
images.  We  only  use  our  senses  in  daily  life  when  they  can 
tell  us  something  that  may  be  useful  to  us,  and  we  neglect  bo 
habitually  all  sensations  which  would  be  useless  or  confusing, 
that  at  last  it  needs  special  attention  to  observe  them  at  all. 
The  way  in  which  tones  are  combined  to  give  timbre  to  a 
note  is  a  matter  of  no  importance  in  the  daily  nse  of  them, 
and  so  we  fail  entirely  to  observe  the  components  and  note 
only  the  resultant,  until  we  make  a  careful  and  scientific 
exajuination  of  our  sensations. 

The  PnnetionB  of  the  Tympanic  Membrane*  If  a 
stretched  membrane,  such  aa  a  drum-head,  be  struck,  it  will 
be  thrown  into  periodic  vibration  and  emit  for  a  time  a  note 
of  a  determined  pitch,  Hie  smaller  the  membrane  and  the 
tighter  it  is  stretched  the  higher  the  pitch  of  its  note;  every 
stretched  membrane  thus  has  a  rate  of  its  own  at  which  it 
tends  to  vibrate.  Just  as  a  piano  or  violin  string  has.  When 
a  note  is  sounded  in  the  air  near  such  a  membrane^  the  alter- 
nating waves  of  aerial  condensation  and  rarefaction  will 
move  it;  and  if  the  waves  micceed  at  the  vibrational  rate  of 
the  membrane  the  latter  will  be  set  in  powerful  sympaihetic 
vibration;  if  they  do  not  push  the  membrane  at  the  proper 
times,  their  effects  will  neutralize  one  another;  henee  such 
membranes  respond  well  to  oTily  one  note.  The  tympanic 
membrane,  however,  responds  equally  well  to  a  large  number 
of  Jiotos;  at  the  least  for  those  due  to  aerial  vibrations  of  rates 
from  60  to  4000  per  second,  rurming  over  eight  octaves  and 
constituting  those  commonly  used  in  music.  This  faculty 
depends  on  two  things:  (I)  the  membrane  is  comparatively 
loosely  and  not  uniformly  stretched;  (2)  it  is  lomM  by  the 
tympanic  bones. 

The  drum-membrane  is  a  shallow  funnel  wilJj  its  sides  con- 
vex to  ward  ?i  tlie  external  auditory  meatus;  something  like  an 
umbrella  turned  inside  out ;  in  sucli  a  memhrane  the  tension  ia 
not  uniform  but  increa^ses  towards  the  centre,  and  it  haeaccord- 
inifly  no  proper  note  of  ita  own.  Further,  whatever  tendency 
snch  a  membrane  may  have  to  vibrate  rather  at  one  rate  than 
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another,  is  almoet  completdy  removed  by  '* damping''  it;  i.A 
placing  in  contact  with  it  something  comparativelj  heaTj  aad 
which  has  to  be  moved  when  the  membrane  vibrntea.  Thii 
is  effected  by  the  tympanic  bones,  fixed  to  the  dnun-membnus 
by  the  handle  of  the  mallens.  Another  adTantage  is  gained 
by  the  damping;  once  a  stretched  membrane  ia  aet  yibrmtingit 
continues  so  doing  for  some  time;  bat  if  loaded  its  moTemcnti 
cease  almost  as  soon  as  the  moving  impalsea.  The  dampen 
of  a  piano  are  for  this  purpose;  and  violin-playen  have  t» 
«« damp "  with  the  fingers  the  strings  they  hare  used  whoi 
they  wish  the  note  to  cease.  The  tjrmpanio  bones  act  as 
dampers. 

Punotiona  of  the  Auditory  Oaalolaa  When  the  air  in 
the  external  auditory  meatus  is  condensed  it  poahea  in  the 
handle  of  the  malleus.  This  bone  then  slightly  rotatea  on 
the  axial  ligament  and,  locking  into  the  incoa  where  the 
two  bones  articulate,  causes  the  long  process  (J?,  Fig.  lOS) 
of  the  latter  to  move  inwards.  The  incus  thus  pnahea-in  the 
stapes;  the  reverse  occurs  when  air  in  the  auditoiy  paaaago  is 
rarefied.  Aerial  vibrations  thus  set  the  chain  of  bonea  awing* 
ing,  and  push  in  and  pull  out  the  base  of  the  atapea,  which 
sets  up  waves  in  the  perilymph  of  the  labyrinth,  and  theae 
arc  transmittcMl  through  the  membranous  labyrinth  to  the 
en<lolyniph.  Those  liquids  being  chiefly  water,  and  practi- 
cally inoompressible,  the  end  of  tlie  stapes  could  not  work  in 
and  out  at  the  oval  foramen,  were  tlie  labyrinth  elsewhere 
completely  8urroun<le<l  by  l>one:  but  the  membrane  covering 
the  round  fonunen  bulges  out  when  the  base  of  the  stapes  is 
pu8lie<l  in,  and  rire  versa  ;  and  so  allows  of  waves  being  set 
up  in  the  lahyrinthio  liquids.  These  correspond  in  period 
and  form  to  tliose  in  the  auditory  meatus;  their  amplitude  ia 
deterniincKl  by  the  extent  of  the  vibrations  of  the  drum  mem- 
brane. 

The  form  of  the  tympanic  membrane  causes  it  to  transmit 
to  its  centre,  where  the  malleus  is  attached,  vibrations  of  its 
lateral  parts  in  diminished  amplitude  but  increased  power;  so 
that  the  tympanic;  Iwnes  are  pushed  only  a  little  way  but  with 
considerable  foree.  Its  area,  too,  is  about  twenty  times  as 
great  as  that  of  the  oval  foramen,  so  that  force  collected  on 
the  large  area  is.  by  pushing  the  tympanic  bones,  all  concen- 
trated on  the  smaller.  The  ossicles  also  form  a  bent  lever 
(Fig.  1G:3)  of  which  the  fulcrum  is  at  the  axial  ligament  and 
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tlie  efifeetive  outer  arm  of  this  lever  is  about  half  ag  long  again 
a.s  the  iniit.^1%  iind  so  the  movctmmtrt  tninsniitted  by  tht*  clrum- 
iiR*nibniiie  to  the  Itiitidk^  of  the  iiiulknis  me  ronnmniiaiied 
with  diminished  nmge,  htiL  iutTeUiseil  power,  tu  the  biisk^  of 
the  gtapejs. 

Ordinarily,  sound-waves  reaeli  the  labyrinth  through  the 
tynipanuni.  but  tliey  may  aUo  be  tninsmitted  through  the 
bones  of  the  liead;  if  the  handle  of  a  vibruting  tuning-fork 
he  placed  on  the  vertex,  the  pounds  heard  by  the  pei-son  ex- 
perinu'nted  upon  seem  to  have  their  ori^^in  inside  bin;  own 
enininnu  Similarly,  when  a  vibrating  bwly  is  held  betsveeu 
the  teeth,  sound  reatdies  the  end  organs  of  the  auditory  nerve 
tljrough  the  skull-hones:  and  persons  who  are  deaf  from  dis- 
eiise  or  iiijury  of  the  tympanum  ean  thus  be  maile  to  hear,  as 
with  the  audiphour.  Of  course  if  denfoesi?  be  due  to  disease 
of  the  proper  nervous  auditory  apparatus  no  device  can  make 
the  person  hear. 

Function  of  the  Cochlea.  We  liave  already  seen  reii^on 
to  believe  that  in  the  ear  there  is  an  ap|mratiis  adapted  for 
sympathetic  resonance,  by  whieli  we  recognize  different  musi- 
cal tone-colors;  the  minute  stnicture  of  the  membranous 
cochlea  is  such  as  to  lead  us  to  look  for  it  there.  An  old  view 
was  that  tbe  rods  of  Corti,  which  vary  in  lengtb,  were  like  so 
many  piano-strijigs,  each  tending  to  vibrate  at  a  given  rate 
and  picking  ont  and  responding  to  pendular  aerial  vibmtions 
of  its  own  period,  and  exciting  a  nerve  wliich  gave  rise  to  a 
particular  tone  sensation.  When  the  lahyrinthic  fluids  were 
set  in  non-pendolar  vibration.^,  the  rods  of  Gorti  were  thought 
to  analyze  the^e  into  their  pendular  components,  all  rods  of 
the  vibrational  rate  of  these  being  set  in  sympsiihettc  move- 
ment, but  that  rod  most  whose  period  whs  that  **r  the  primary 
partial  tone;  thi^  rod  wouhi  determine  the  pitch  of  tiie  note, 
and  the  Iei?8*marked  sensation  due  to  the  others  affected  would 
give  the  timbre.  The  rods,  however,  do  not  differ  in  size 
sutliciently  to  account  for  the  range  of  notes  wliicli  we  hear; 
they  are  absent  in  birds,  which  undoubted] ly  distingnisih  differ- 
ent musical  notes;  and  the  nerve-tibres  of  the  cochlea  are  not 
conncctCNl  with  them  but  with  the  hair-celU. 

On  the  whole  it  seems  probable  that  the  basilar  membrane 
is  to  be  looked  upon  as  the  primary  arrangement  for  sympa- 
thetic resonance  in  the  ear.  It  increases  in  breadth  twelve 
timeis  from  tbe  base  of  the  cochlea  to  its  tip  (the  less  width  of 
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the  lamina  spiralis  at  the  apex  more  than  oompenaatiTig  for 
the  less  size  of  the  bony  tabe  there)  and  is  stretched  tight 
across,  but  loosely  in  the  other  direction.  A  membrane  m 
stretched  behayes  as  a  set  of  separate  strings  placed  aide  br 
side,  somewhat  as  those  of  a  harp  but  mnch  closer  together; 
and  each  string  would  vibrate  at  its  own  pericMl  withont  in- 
fluencing much  those  on  each  side  of  it  Probably,  then, 
each  transverse  band  vibrates  to  simple  tonee  of  its  own 
period,  and  excites  the  hair-cells  which  lie  on  it,  and  through 
them  Ihe  nerve-fibres.  Perhaps  the  rods  of  Corti,  being  stil^ 
and  carrying  the  reticular  membrane,  rub  that  against  the 
upper  ends  of  the  hair-cells  which  project  into  its  apertarss 
and  so  help  in  a  subsiduary  way,  each  pair  of  rods  being 
especially  moved  when  the  band  of  basilar  membrane  carrying 
it  is  set  in  vibration.  The  tectorial  membrane  is  probably  a 
'^ damper;''  it  is  soft  and  inekutio,  and  suppresses  the  vibm- 
tions  as  soon  as  the  moving  force  ceases. 

Punotion  of  the  Vestibale  and  Bemioiroalar  Osnals. 
Many  noises  are  merely  spoiled  music;  they  are  due  to  tones  so 
combined  as  not  to  give  rise  to  periodic  vibrations;  these  are 
probably  heard  by  the  cochlea.  If  a  single  violent  air-ware 
ever  cause  a  sound  sensation  (which  is  doubtful,  since  any  vio- 
lent pu.sh  of  an  clastic  substance,  such  as  the  air,  will  cause  it 
to  make  several  rebounds  before  coming  to  rest)  we  perhaps 
hear  it  by  the  vestibule;  the  otoliths,  there  in  contact  with 
the  auditory  hairs,  are  imbedded  in  a  tenacious  gummy  mass 
quite  distinct  from  the  proper  endolymph,  and  are  not 
adapted  for  executing  regular  vibrations,  but  they  might 
yield  to  a  sinf^lo  ])owerful  impulse  and  transmit  it  to  the  hair- 
cells,  and  through  them  stimulate  the  nerves.  There  is  reason 
to  l)elieve  that  the  semicircular  canals  have  nothing  to  do 
with  hearing;  their  supposeti  function  is  described  in  Chapter 
XXXVI. 

Auditory  Perceptions.  Sounds,  as  a  general  rule,  do  not 
seem  to  us  to  originat<^  witliin  the  auditory  apparatus;  we 
refer  them  to  an  external  8our<»e,  and  to  a  c?rtain  extent  can 
judge  the  distance  and  direction  of  tliis.  As  already  men- 
tioned, the  extrinsic  reference  of  sounds  which  reach  the  laby- 
rinth through  tlie  genenil  8kull-l)one8  instead  of  through  the 
tympanic  chain  is  im)K»rfect  or  al)8ent.  The  recognition  of 
tlie  disUmce  of  a  sounding  IxkIv  is  ]K)S8ible  only  when  the 
sound  is  well  known,  and  then  not  very  accurately;  from  its 
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faiutness  or  loudness  we  may  make  m  some  cases  a  pretty 
good  giiess.  Jutlgmenta  as  to  the  direction  of  ix  sound  are 
also  liable  to  be  grossly  wrong,  iis  moat  persons  liuve  experi- 
enced. However,  when  a  eound  is  heard  louder  by  the  left 
than  the  right  ear  we  can  recognize  tlmt  its  source  is  on  the 
left;  when  equally  witli  both  ears,  that  it  ii?  straight  in  front 
or  beliind;  and  »o  on.  The  concha  has  jK^rhaps  something  to 
do  with  enabling  us  to  detect  whetlier  a  sound  origimitci^  he- 
fore  or  beliind  the  ear,  since  it  colk^Jts,  and  turns  with  more 
intensity  into  the  external  auditory  meatus,  son ud- waves 
coming  from  tlu*  front.  By  turning  tVie  head  and  noting 
the  accompanying  changes  of  sensation  in  each  ear  we  can 
localize  sounds  lietter  than  if  tiie  head  be  kept  motionless. 
The  large  movable  concha  of  many  animals,  as  a  ruhbit  or  a 
horse,  which  can  he  turned  in  several  directions,  is  probably 
an  important  aid  to  them  in  detecting  tlie  position  of  the 
source  of  a  sound.  That  the  recognition  of  the  direction  of 
sounds  is  not  a  true  sensation,  but  a  judgment,  foundwl  on 
experience,  is  illustrated  by  the  fiict  that  we  can  estimate 
much  more  accurately  the  direction  of  the  human  voice, 
which  we  hear  and  heed  moat,  than  that  of  any  other  sound. 


CHAPTER  XXXV. 

TOUCH.     TEMPERATURE     SENSATIONa      PAIK.      OOMMOK 
SENSATIONS.     SMELL.    TASTE.    THE  MUSCULAR  SENSE. 

The  skin  is  very  abundantly  supplied  with  afferent  nerve- 
fibres,  and  from  it  we  get  several  very  distinct  kinds  of  sen- 
sations; it  is  therefore  not  surprising  that  nerve-fibres  are 
found  to  end  in  it  in  different  ways,  but  at  present  we  are  not 
able  to  ai>sociate  satisfactorily  any  one  particular  variety  of 
cut^ineous  nerve-ending  with  the  origination  of  the  impulses 
which  lead  to  the  occurrence  of  any  one  kind  of  the  skin  sen- 
sations. 

Many  cutaneous  afferent  nerve-fibres  end  in  a  very  simple 
way :  they  form  plexuses  in  the  outermost  layer  of  the  dermis 
and  then,  losing  the  metlullary  sheath,  the  axis  cylinders  enter 
the  e])i(lermis  and  there  break  up  into  extremely  minute  fila- 
ments wliioli  ramify  ani()n<r  the  cells  of  the  Malpighian  layer 
and  teriiiiiiate  tliere  without  any  special  end  organs.  Other 
fil)res  liave  s])ecial  terniiual  ap])a  rat  uses,  known  as  (1)  tactile 
cells;  ('I)  end  bulhs  ;  (:5)  tactile  corpuscles;  (4)  Pacinian 
bodies. 

The  Tactile  Cells  lie  usually  in  the  deejie»t layer  of  the 
0])idemHs,  ])ut  sometimes  are  found  also  in  the  dernira.  They 
are  lar<rer  ami  more  irranular  than  the  neighboring  epidermic 
cells,  more  oval,  and  stain  more  deeply  with  some  reagents, 
especially  iroM  chlori<le.  Minute  axis-cylinder  branches  can 
be  tracc(l  into  close  relation  to  tliem,  and  according  to  some 
histoloirists  end  in  Hat  ex})ansions  closely  applied  to  the  tactile 
cells,  while  others  believe  the  nerve-filament  to  be  directly 
continuous  with  the  cell  substance.  These  cells  are  especially 
abundant  in  the  epidermis  lininir  the  root-sheaths  of  such 
tactile  hairs  as  the  "'  wJiiskers'-  of  a  cat,  but  they  exist  in 
many  if  not  most  regions  of  the  human  skin. 

The  End  Bulbs  lie  in  the  d*iuuiii.ju£  certain  regions  as  the 
lij)s,  but  they  are  maiidy  confined  to  the  conjunctiva  and  to 
the  nmcous  membrane  lining  the  mouth  and  that  of  the  lowest 
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pixrt  of  the  rectum^  all  uf  wliicli  possess  tactile  sensibility. 
Very  siraikr  bodies  are  ftniinl  hi  the  synovial  niembraiies  of 
tiome  joints.  In  man  they  are  spheroidal  mid  vary  in  diameter 
from  .03  to  0.1  m,m.  (i^l^-fi^  ineh).  Each  has  an  external 
capsuh  of  connective  tissue  within  which  is  a  cdtr  eontiisting 
of  polygwiiil  nnt'leated  iIl-<letioed  cells.  The  nerve-fibre 
lo8e8  its  medtUlury  slieath  rlose  to  the  end  bnlh  and  the  axis 
cylinder  enters  the  core  and  there  nsually  breaks  up  into  fila- 
ments which  ramify  between  the  cells  of  the  core  and  end  in 
little  knobs:  somctmros  the  axis  cylinder  does  not  bnincli. 
The  ta»tik£yi'i)mR>h^  (Fig.  170)  axe  luund  especially  in  the 


Fro.  170.— S^ictifin  of  «klii  Mhitwiujir  twf>  pnfHire  of  The  dormli  And  some  of  tbe 
deejwr  cells*  of  tlii*  *'pNl*-riul>  ;  n.  jmpillri  *'M(»trtMilii«'  )»1im>I  vessn^iw;  b,  pnpllia  oon» 
taiiiini;  a  tactile  uorpiisclf,  t ;  df^  ine4lulilliii4Hi  latjrvfr'-rlhres  i;!:<<lt'^  lo  ihe  eorpiiscl*?: 
«t  /,  opLJcal  cross- !«*ct ION !4  tjf  the  flhnet*  mrtJ  ften  iwt  th«y  wWi  lotiiid  tlitk  oin^ldti  of 
the  <L*orpiiiclif;  th»"  ^**npriil  trafisversp  dtlrectiou  of  thi?  cotiuecUv^-tijWUi^  liuiidle*  *.if 
tbe  cApfiule  of  th<^  corpuscle  Is  shown, 

skin  of  the  hands  and  feet,  but  also  on  the  inner  snrface  of 
the  forearm,  on  the  nipple^  the  lips,  and  mncon**  me  ml  mine 
of  the  tip  of  the  ton^ie.  They  lie  in  dermic  papillae  and  are 
oval  in  form,  meafiurintr  abont  O.H  m^m.  {^^  inch)  in  the  long 
and  0.3  m,ni.  (^J^  inch)  in  tlie  tranever^e  diameter.  Each 
has  an  onter  capsnle  of  connective  tissue  from  which  many 
transverse  or  oblirpic  dissepiments  enter  and  divide  the  in- 
terior into  many  small  chambers.  Two  or  three  m^dnllated 
nerve-fibres  go  to  each  corpuscle,  and  after  winding  around  it 
obliquely  several  times  penetrate  the  capsule  at  various  levels, 
at  tfie  Aame  time  heconjing  non^medu Hated.  The  axis  rylin- 
tlern  nui  in  the  clefts  between  tbe  connective-tissue  dissepi- 
ments and  after  branching  many  times  end  in  pear-slniped  or 
spherical  enlargements,  which  are  always  placed  neiir  the  out- 
aide  of  the  corpuscle. 
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The  Pacinian  Bodies  or  Corpuscles  (Fig.  171)  are  found 
in  large  luunbers  iu  the  subcutaneous  areolar  tissue  of  the  hand 
and  foot,  and  occasionally  in  other  regions  of  the  skiu.  But 
they  are  also  found  in  internal  parts,  as  on  the  nerves  of 
tendons  and  ligaments  and  on  some  branches  of  the  solar 
plexus;  and  they  are  very  abundant  and  easily  seen  in  the 
mesentery  of  the  cat,  so  that  though  almost  certainly  organs 
in  wliich  afferent  nerve  impulses  originate,  they  are  not  organs 
of  touch.  The  cor])uscles  are  oval,  often  curved  on  the  long 
axis,  and  from  1.5  to  *^.5  m.m.  (j^-^  inch)  in  length. 
W'lien  fresh  they  have  a  whitish  translucent  appearance  and 
are  somewhat  more  opaque  in  the  centre.  When  magnified 
each  Pacinian  boily  is  seen  to  consist  of  an  almost  structure- 
less core  surrounded  by  many  concentric  capsules.  Each 
capsule  is  a  layer  of  im|x?rfectly  developed  connective  tissue 
having  a  few  ver}'  fine  fibres,  the  interstices  between  which 
are  filled  with  liquid:  each  surface  of  each  capsule  is  formed 
by  a  well-marked  layer  of  flat  nucleated  cells,  and  the  cell 
layer  on  the  inner  side  of  one  capsule  is  separated  from  the 
layer  on  the  outer  side  of  the  next  by  a  narrow  cleft,  which 

is  a  lymph  lacuna.     The  capsules 
are  usually  so  closely  applied  to 
one  another  that  the  lymph  spaces 
between   them   are  almost    oblit- 
erated.       A    medullated     nerve- 
fibre  runs  to  one  pole  of  each  Pa- 
cinian body  and  the  axis  cylinder 
and  medullary  sheath  are  contin- 
ued  through  the  capsules  to  the 
core;    the  medullary   sheath   be- 
coming thinner  on  the  way.      The 
axis  cylinder  enters  the  core  and 
runs    to   near   its   opposite    end, 
wliero  it  ends  in  a  rounded  en- 
largement   or   sometimes  divides 
into  several  short  branches,  each 
witli  a  knobbed  end. 

Touch,  or  the  Pressure 
Sense.  Through  the  skin  we 
get  several  kinds  of  sensation;  totK*li  proper,  iTWkt  and  cold, 
and  pjHii;  and  we  can  with  more  or  less  accuracy  localize 
chem  on  the  surface  of  the  Bodv.     The  interior  of  the  mouth 
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also  those  sensibilitios*  Through  touoli  proper  we 
rtK-ojiniize  pressure  or  tniction  exerted  on  the  skiu,  liiid  the 
force  of  tlie  preHHiire;  tlie  Sijftue^s  or  hanlness,  roughness  or 
em(KlthIles^l,  i>f  the  botiv  prodneing  it;  and  the  forni  of  thig, 
when  riot  too  liirge  to  he  felt  all  over.  Wlieti  to  learn  the  Ifmif 
of  an  object  we  move  the  hand  over  it,  ifH*eewkr  SCTrsatianB 
are  combined  with  proper  tactile,  uiid  mieh  a  eomlu'tiation  of 
the  two  senpmtions  ia  frctjuent;  moreover,  we  rarely  touch 
anything  without  at  the  siiriie  time  getting  temperature  sen- 
Batious ;  therefore  prrrrtncrrtp  feeiingii  are  rare. 

From  an  evHhitioii  point  of  view,  touch  is  probably  the  first 
dtstin<^tly  differentiute<l  seiiHsition,  and  this  primary  position 
itstdl  largely  holds  iu  our  mental  life;  we  mainly  think  of  the 
things^  about  us  as  ohjeets  which  would  give  us  certain  tactile 
sensatioiKs  if  we  were  iu  contact  witli  them.  Tli(nigh  the  eye  i 
tells  us  muelt  (piicker,  and  at  a  greater  range,  what  are  the 
ebapjcs  of  objects  and  whether  they  are  sniooth,  rough,  and  so 
on,  onr  real  conceptions  of  routid  and  sqnare  ami  rough 
bodies  are  derivcil  tlirough  touch,  and  we  largely  translate 
unconsciously  the  teachings  of  the  eye  into  mentiil  terms  of 
the  tactile  sense. 

The  dclicac*y  of  the  pregeure  sense  varies  on  dilTerent  parts 
of  the  skin;  it  is  greatest  on  the  forehea<l,  temples,  and  back 
of  the  fore^irm,  where  a  weight  of  *2  nn lligr,  {J)3  grain)  press- 
ing on  an  area  of  1»  sq.  millim.  (.0139  sq.  inch)  can  be  felt. 
On  the  front  of  the  forearm  »i  milhgr.  (.036  grain)  can  be 
gimilarly  felt,  and  on  the  front  of  the  forefinger  5  to  15  milligr. 
(.07-0/^:1  grain). 

In  order  that  the  sense  of  toueb  may  be  excited  neig!d>oring  j 
fikin  areas  must  be  d^lttityitly  presse^l ;  when  we  lay  the  hand  \ 
on  a  table  this  Is  secured  by  the  inecjualities  of  the  skin,  which 
prevent  end  organs,  lying  near  together,  from  being  equally 
compressed.  When,  however,  the  hand  is  immersed  in  a 
liquid,  4*8  mercury,  which  his  into  all  its  inequalities  and 
presses  with  pmetically  the  saaie  weiglit  on  ali  neighboring 
immersed  areas,  the  sense  of  pressure  isotdy  felt  at  a  line  along 
the  si;rface,  where  the  immerse<l  and  non-immersed  parts  of 
the  skin  meet. 

It  wa,s  in  connection  with  the  tactile  sense  that  the  facts  on 
which  s*i-caded  psycho-pliysicai  law  (Chap.  XXXJ.)  id  billed, 
were  tii>it  ohserve<L  Tlie  smallest  perceptihk'  dilTerence  of 
pressure  recognizable  when  touch  alone  is  used,  is  about  |; 
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t.e.,  we  cftu  joBt  tell  &  weight  d  20  gnans  (310  gnuns)  fran 
one  of  30  (465  grains)  or  of  40  gnms  (620  giainB)  frmn  om 
of  60  (930  grains) ;  the  change  which  can  just  be  reoogni»d 
being  thns  the  same  fraction  of  that  already  actings  as  a  stinni- 
Ins.  The  ratio  only  holds  good,  however,  for  a  certun  maa 
range  of  preasaies;  it  is  not  true  for  veiy  small  or  very  gmt 
pressnres.  The  experimental  difBcolties  in  detennining  the 
question  are  considerable;  muscular  sensations  must  be  rigidlj 
excluded;  the  time  elapsing  between  layingr  the  dilfoait 
weights  on  the  skin  must  always  be  equal;  the  same  regi«m 
and  area  of  the  skin  must  be  used;  the  weights  mnst  hare 
the  same  temperature;  and  fatigue  of  the  organs  most  be 
eliminated.  Considerable  indiyidual  variations  are  also  ob- 
served, the  least  perceptible  difference  not  being  the  same  in 
all  persons. 

The  Tiooallsing  Power  of  the  Skin.  When  the  eyes  are 
closed  and  a  point  of  the  skin  is  touched  we  can  with  some 
accuracy  indicate  the  r^on  stimulated;  although  tactile 
feelings  are  in  general  characters  alike,  they  differ  in  some* 
thing  (local  sign)  besides  intensity  by  which  we  can  distin- 
guish  tliem ;  some  sensation  quality  must  be  present  enabling 
us  to  tell  from  one  another  two  precisely  similar  contacts  of 
an  external  objeet  wlien  applied,  say,  to  the  tips  of  the  fore 
and  ring  fingers  resi)eetively.  The  accuracy  of  the  localizing 
power  is  not  ne^irly  so  great  as  in  the  retina  and  varies  widely 
in  different  skin  regions;  it  may  be  measured  by  observing 
the  least  distance  which  must  separate  two  objects  (as  the 
blunted  points  of  a  pair  of  com})asses)  in  order  that  they  may 
be  felt  as  two.  The  following  table  illustrates  some  of  the 
differences  observed — 

Tongue-tip 1.1mm.    (.04  inch) 

Palm  side  of  last  phalanx  of  finger 2.2  mm.     (.08  inch) 

Red  part  of  lips 4.4  mm.    (.16  inch) 

Tip  of  nose 6.6  mm.     (.24  inch) 

Back  of  second  phalanx  of  finger 11.0  mm.    (.44  inch) 

Heel 28.0  mm,    (.88  inch) 

Back  of  hand 80.8  mm.  (1.28  inches) 

Forearm 89.6  mm.  (1.68  inches) 

Stemam 44.0  mm.  (1.76  inches) 

Back  of  neck 52.8  mm.  (2.11  inches) 

Middle  of  back 66.0  mm.  (2.64inches) 

The  localizing  power  is  a  little  more  acute  across  the  long 
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axis  of  a  limb,  und  is  blotter  when  tlie  pressure  is  only  strong 
enough  to  }\ut  muse  ii  distinct  tactile 
senstiticiii,  thun  \\\wn  it  is  mure  imwur- 
f  ul ;  it  is  also  very  readily  and  rapidly 
improvable  by  pniftice. 

It  iTiiglit  be  thought  that  this  local- 
izing power  ilepcntled  diroetlyon  nerve 
distribution;  that  each  touch  nerve  had 
connection  with  a  special  bmiu-centre 
at  one  eiul  (t!ie  excitation  of  which 
caused  a  yeMi?44tioii  with  a  charn^^vrijitic 
locul  sign),  and  at  the  other  end  was 
distributed  over  a  certain  skin  urea,  and 
that  the  larger  this  area  the  fartlier 
apart  nnglit  two  jxiint^  lie  and  still  give  ^^^"  *""' 

rise  to  only  one  sensation.  If  this  were  so,  however,  the 
peripheral  tactile  areas  (each  being  determined  by  tlie  ana- 
toudcal  distribution  of  a  nerve-fibre)  nnist  have  definite  un-^ 
ciiangeable  linnts,  whieli  experiment  sliows  that  they  do  not 
po^ess.  Su]>po8e  the  small  areas  iu  Fig.  172  to  each  repre- 
sent a  peripbenil  area  of  nerve  distribution.  If  any  two 
points  in  c  were  touched  we  would  according  to  the  theory 
get  but  a  single  scnnatinu;  but  if,  while  t lie  compass  poiuta 
remaiued  the  same  distaiu-e  apart,  or  were  even  ajiproximated, 
one  w*ere  placed  in  c  and  the  other  on  a  contiguous  area,  two 
fibres  w*ould  be  stimulated  aiul  we  ought  to  get  tw^o  sensa- 
tinus;  but  such  is  not  the  cast*;  on  the  same  skin  region  the 
points  must  be  always  the  same  distance  apart,  no  matter  bow 
tliey  be  shifted,  in  order  to  give  rise  to  two  just  distinguish 
able  sensationSp 

It  is  probalile  that  the  nerve  areas  are  much  smaller  tlian 
the  tactile;  and  that  several  uuiitimuiated  uiusii  inttu'vene  be* 
tween  the  excited,  in  order  to  produce  sensatioiiii  which  shall 
be  distinct.  If  we  suppose  twelve  uuexcite<l  ner\'e  areas 
must  intervene^  then,  in  Fig.  172,  a  and  h  will  be  just  on  the 
limits  of  a  single  tactile  area;  aiul  no  matter  how  the  jKjints 
are  moved,  so  long  as  eleven,  or  fewer,  unexcited  areas  coma 
between,  we  wotdd  get  a  single  tactile  sensation;  in  this  way 
we  can  exjilain  the  fact  that  t(U?tile  areas  have  no  fixed  boun- 
daries in  the  skin,  although  the  nerve  distribntiou  iu  auy  j>art 
must  be  constant  We  also  see  why  the  back  of  a  unife  laid 
on  the  surface  causes  a  continuous  linear  sensjitioii,  a'* hough 
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it  touches  many  distinct  nerve  areas;  if  we  could  discriminate 
the  excitiitions  of  each  of  these  from  that  of  its  immediate 
neighbors  we  would  get  the  sensation  of  a  series  of  points 
touching  us,  one  for  each  nerve  region  excited ;  but  in  the 
absence  of  intervening  unexcited  nerve  areas  the  sensations  are 
fused  together. 

The  ultimate  differentiation  of  tactile  areas  takes  place  in 
the  central  orgiuis,  as  will  be  more  fully  pointed   out  in  the 
next  chapter.     Afferent  nerve  impulses  reachin|ar  the  spinal 
conl  from  a  finger-tip  enter  the  gray  matter   and    tend  to 
spread  or  radiate  in  it;  from  the  gray  region  through  which 
they  spread,  im])ulst»s  are  sent  on  to  jwrceptive  tactile  centres 
in  the  brain;  if  two  skin-points  are  so  close  that  their  re^ons 
of  irradiation  in  the  conl  overlap,  then  the  two  points  touched 
cannot  be  discriminated  in  consciousness,  since  the  brain  region 
excited  is  in  part  common  to  both.     The  more  powerful  the 
stimulus  the  wider  the  irnidiation  in  the  cord,  and  hence  the 
less  accumte  the  discriminating  power.     The  more  often  an 
impulse*  has  travelled,  the  more  does  it  tend  to  keep  its  own 
pro])er  tmct  througli  the  gray  matter  of  the  cord,   and  get 
on  to  its  own  proper  brain-centre  alone;  hence  the  increase 
of  tactile  discrimination  with  practice,  for  we  cannot  suppose 
it    to   1)1'  diu'  to  a  growth  of  more  nerve-fibres  down   to  the 
skill,  and  a  reurranirement  of  the  old,  with  smaller  areas  of 
anatomical   distribiiticm.     As  a  general   rule,   more  movable 
parts  liavt^  smaller   tactile  areas;  this  probably   depends   on 
j)ractice,   since   they    are    the    jKirts   which   get   the   greatest 
number  of  dilTerent  tactile  stimulations. 

The  Temperature  Sense.  By  this  we  mean  our  faculty 
of  perceiving  cold  and  warmth;  and,  with  the  help  of  these 
sensations,  of  perceiving  tem])erature  differences  in  external 
objects.  Its  organ  is  the  wli(»le  skin,  the  mucous  membrane 
of  moutli  and  fauces,  j)liarynx  and  upper  ])art  of  gullet,  and 
the  entry  of  tlie  nares.  Direct  heating  or  cooling  of  a  sensory 
nerve  may  stimulate  it  and  cause  ])ain,  but  not  a  true  tem- 
perature sensation;  and  the  amount  of  heat  or  cold  requisite 
is  uiucli  greater  than  tliat  necessary  when  a  tempeniture- 
j)erceiving  surface  is  acted  upon;  iience  we  must  assume  the 
j)resence  of  temiKTature  end  organs. 

In  a  comfortable  room  we  feel  at  no  part  of  the  Body 
either  heat  or  cold,  although  different  ])arts  of  its  surface  are 
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at  ilitTercTit  temperaturea;  the  fingers  and  noso  bciiifr  cooler 
thiui  riie  trunk  wliirh  is  covered  l>y  elollit'S,  and  this,  in  tnrn, 
itoohvr  thiui  tlii^  interior  of  the  inotitlu  The  teinperatiiro 
which  a  given  regiou  of  the  temp+uiiture  organ  has  (iis 
nit'iisiin^d  hy  a  thennonieter)  wJjen  it  feels  neitlier  hot  nor 
cold  is  its  It'iHpvniiurt-svHSitiiun  zero  for  thut  time,  and  is 
not  asscH'isited  with  any  one  objective  teniperulure;  for  not 
only,  ikS  we  have  just  seen,  does  it  vary  in  d liferent  jmrta  of 
the  organ,  but  also  on  the  same  part  from  time  to  time. 
Whenever  a  Hkiir_cegion  piiK<e!f*  with  a  eertJiJTi  rapidity  to  a 
tempe  rut  lire  al)ove  it8  sensation  zero  we  fe<-l  warmth;  and 
vice  versa:  the  ^sensation  h  more  marked  tlie  greater  the  dif- 
ference, and  the  niftfe^  sudden iy  it  i»  prrnhieed;  tfHiclung  a 
inrtnflitr  body,  wdiiidi  rondneU  heat  rapidly  to  or  from  the 
skin,  causes  a  njore  nnirked  hot  or  cold  sen.<ation  than  trniehing 
a  w«*i^8^-4x>ndnctor,  as  a  piece  of^wm*d^  of  the  same  ternjwratnre. 

The  change  nf  temperature  in  the  orgfiin  may  be  bronglit  ' 
about  by  changes  in  the  riR+altU**ry  ?rpi»anitu8  (more  Idood 
flowing  through  the  skin  warms  it  ami  less  Initio  to  its  coal- 
ing), or  by  temi>erature  cliange^-  in  gases,  liquids,  or  solids  in 
contact  with  it.  Sometimes  we  fail  to  distinguish  clearly 
whether  the  cause  k  eytrmal  or  itrtf rnal ;  a  in^i^j^on  condng  in 
from  a  windy  walk  often  feelii  a  room  uncomfortuldy  warm 
which  is  not  really  so;  the  exercise  has  accelerated  his  circu- 
lation and  tended  to  warm  his  skin,  but  the  moving  outer 
air  has  mpiilly  conducted  off  the  extra  heat;  on  entering  the 
Imuse  the  stationary  air  there  dcK's  this  less  quickly,  the  skin 
becomes  lu>tter,  and  the  cause  is  supposed  t^  be  oppressive 
heat  of  the  room.  Hence,  frequently,  opening  of  windows  j 
and  sitting  in  a  dranght,  witli  its  concomitant  risks;  wdiereas  I 
keeping  i^uiet  for  live  or  ten  minutes,  tintil  the  cirrnlation 
had  returned  to  its  normal  rate,  would  attain  the  same  etui 
without  danger. 

The  aenteriess  of  the  temperature  aense  is  gre«test  at  tem- 
peratures w^ithin  a  few*  degrees  of  30°  C.  (SiV  F.);  at  these  • 
differences  of  less  than  .1°  V.  can  be  discriminated.  As  a 
means  of  measuring  absolute  temperatures,  howx^ver,  the  skin 
is  very  unreliable,  on  account  of  the  changeability  of  its  sen- 
sation zero.  We  can  localize  teraiK?rature  sensations  nincli 
m  tactile,  bnt  not  so  accurately. 

Are   Touch   and  Temperature   Sensations  of  Different 
Modality  ?     Tuf-tilc  antl  temperature  feelings  are  ordinarily  so 
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very  different  that  we  can  no  more  compare  them  than  luni- 
nous  and  auditory;  and  if  we  accept  the  modem  modified 
form  of  the  doctrine  of  gpecific  nerve  eneryties  (Chmp.  XIII), 
in  accordance  with  which  the  same  aenBory  fibre  when  ex- 
cited always  arouses  a  sensation  of  the  same  qnality*  if  any, 
because  it  excites  the  same  brain-centre,  it  is  hard  to  oonoeiTe 
how  the  same  fibre  could  at  one  time  arouse  a  tactile,  and  at 
another  a  temperature  sensation.  It  has,  howeYer,  been 
maintained  that  touch  and  temperature  feelings  aometimei 
pass  into  one  another  insensibly.  If  a  half  dollar  cooled  to  5* 
C.  (41^  F.)  be  placed  on  a  person's  brow,  and  then  two  (one 
on  the  other)  warmed  to  37^  C.  (98.5*^  F.),  he  conunonly 
thinks  the  weight  in  the  two  cases  is  equal;  t.e.,  the  tempers- 
ture  difference  leads  to  errors  in  his  pressure  judgments.  Bat 
this  does  not  prove  an  identity  in  the  sensations;  the  cdd 
half-dollar  may  produce  contraction  of  the  cutaneous  tiasnes, 
leading  to  compression  of  the  tactile  end  oigans,  which  is 
mistaken,  in  mental  interpretation,  for  a  heavier  pressure. 
When  sensations  arc  combined  in  other  cases,  as  red  and  bine- 
green  to  produce  white,  or  inirtial  tones  to  form  a  compound, 
we  either  cannot,  or  can  but  with  diflSculty,  reoognisEe  the 
com{>onent8;  in  this  ease  the  i)er8on  feels  both  the  cold  and 
l)ressiire  distinctly  when  the  half-dollar  is  laid  on  him. 

In  certain  casi»s  a  person  mistakes  the  contact  of  a  piece  of 
raw  cotton  with  his  skin,  for  the  approach  of  a  warm  object; 
this  hiu<  lH»en  taken  to  prove  that  touch  and  temperature  feel- 
ings gnidiiate  into  one  another.  However,  the  feeble  touch 
of  the  niw  c(»tton  might  well  be  less  felt  than  the  increased 
tenipeniture  of  the  skin,  due  to  diminished  radiation  when  it 
was  (»overed  by  this  nou-condueting  substance;  and  the  con- 
stancy with  which,  in  the  ordinary  circumstances  of  life,  we 
feel  and  discriminate  clearly,  on  the  same  skin  region  at  the 
same  time,  both  temperature  and  touch  sensations,  is  a  strong 
argument  against  any  tmnsition  of  one  into  the  other. 

Moreover,  there  is  direct  evidence  that  ^^^^^  ''^^?mnt  np 
pamtuses  in  ^l>e  skin  or  at  least  differently  located  apparatuses, 
are  concerned  in  arousing  touch,  heat  and  cold  sensations.  If 
a  metal'  potnt,  lightly  weighted,  be  slowly  and  evenly  moTed 
along  the  skin  by  clockwork,  it  gives  rise  to  sensations  of 
tum'h  ut  some  i)laces  and  if  hotter-  or  cooler  than  the  skin 
to  sensations  of  temi)eraturo  at  others;  but  never  when  in 
contact  with  one  iM>int  to  more  than,  one  seasntion.     If  the 
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pointis  at  which  the  obstjrved  pei-sou  save  T  feel* touch  or  I 
ItHji  cold  or  I  feel  heat,  bo  nirefully  niarkcHl  on  the  skin  jithI 
the  ex|H'riiiietit  re]>uHted   on   ooe   or    more   siih^eqiitiit  tlavn 
the  contact  points  for  the   three  seiisiitiong  are  found  to  be 
unchunged.     In  cerUin  ciuses  of  spinnl-coni  disease,  nioreover, 
it  has  been  noiiced  Umt  '^-"*^*"  r-^r  i^Hity  may  W  Inrt  -nJiilc  ^ 
tinninmiture  teensihility  renuuns;  and  in  othera  that  the  etquuv 
ity  of  feeling  wurnitb  miiy  lie  nearly  or  t*om|)k'tely  lost  while 
cold  eonsation  remains  norniuL     Excluding  pain  ("abnormal 
sensation"),  we  nmst  conclude  tliat   there  are  in  the  skin 
three  distinct  seta  of  nen^e-libres: — One,  whenexcite*d,  aro^Bes  I 
**  touch  "  sensation;  a  second,  *'  w»f»*  ''  sensation;  the  third,   1 
**  CMald  ^*  Bensiiiion.  1 

Pain  and  Common  Sensibility,  When  the  skin  is  power- 
fully stininlated  by  heat,  Cfj|d  or  pressore,  or  is  inflamed,  we 
get  a  new  sensiitiun  wliieh  we  call  pain.  This  is  sometiurjg 
quite  different  from  the  nnplciisantness  caused  by  a  dazzling 
light  or  a  musical  discord  or  a  disjigreeiible  odor  or  taste. 
We  recognize  these  as  being  still  sight  or  sound  or  snudl  or 
tiistc  sensations.  Pain  on  the  one  hand  is  ditferent  from  any 
of  the  normai  skin  sensations  uud»  on  the  other,  is  recog- 
nized in  consciousness  as  often  proceeding  from  diBeasod  in- 
ternal organs  from  which  normally  we  get  no  nottceable  sen- 
sations. An  exposed  healthy  tendon  is  fpiite  insensible  to  i 
toucli,  hut  if  it  be  inOamed  the  slightest  pressure  may  give  [ 
rise  to  nerve  impulses  causing  very  acute  pain,  and  pain  which 
to  the  consciousness  is  ^Ruliur  to  cntanemrs  jmins  or  painy  of 
otirPT organs.  Since  direct_siitnulatioii  of  the  sensory  nerves 
proceeding  from  the  skin  in  any  way  except  through  their 
end  organs  gives  rise  to  feelings  of  pain  rather  than  to  the 
Bl)ecial  skin  sensations,  and  pressure  and  temperature  feelings 
do  insensibly  give  way  to  ]juin  feelings  when  the  stlnmii  ap- 
plied to  the  skin  are  gradual ly  iTicreased,  it  has  been  supposecl 
that  pain  is  uot  due  to  excitation  of  a  special  nerve  ap]»aratus 
of  its  own,  but  to  over-exoitjiiion  of  the  tirrtfte  lip  para  tus. 
On  this  theory  it  would  l)e  Inird  to  account  for  the  fact  that 
gkin  jiain  is  so  very  dilTercnt  in  modal  ity  from  a  touch  or  tem- 
perature feeling,  and  to  understanii  why  it  gives  rise  in  con- 
sciousness to  conceptions  concerning  a  condition. of  the  Bmly 
and  not  oLsomfi  fxteniuljLLbject :  it  isne^»tmisically  reXcxred 
by  the  mind  to  a  qiiiitily  olnnything  >iii*^^farpulii£^|^-||ipf„  j^j^^if^ 
as  a  daiMiHn^iTgtit  Bcnait^ou  or  a  fotid  od»r  is«     There  is  also 
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expJrtnieiitHl  mid  pfitfrntogicstl  evideiife  that  the  pufliBTaken  in 
the  spitiul  coni  bv  iiurve  iiupiilse.s  caui^iugf  pain  are  dllTuri^jt 
from  those  lead i  tig  tu  a  roDseioiisness  of '^SSSi.  If  certain  j 
parts  of  the  eord  are  cut  in  tlie  thoracic  region  of  a  rabbit, 
gentle  iouclies  on  the  hiud  lindi  iippear  to  be  felt;  tlie  aiiiiiial 
erects  its  ears  or  moves  its  head:  but  powei-ful  stimulatioii  of 
the  sciatic  nerve  causet*  no  signs  of  pain,  while  if  the  |>f«*4.«*^^f>t' 
white fwitmmff  be  cut  the  animal  still  can  feel  stiinidi  applied 
to  the  hind  lirrd>  and  sufficient  to  cause  ^»ftki  under  normal 
conditions,  but  it  appears  ilTRenstble  to  gEnth^-lffQSSQre  on  the 
skin.  In  human  beings  very  similar  phenomena  have  been 
observed  in  cases  of  spinal-cord  disease:  and  in  a  certain  gtage 
of  chloroform  or  ether  narcosis  the  patient  feels  the  surgeon's  ' 
hand  or  his  knife  where  it  tunehes  tlieskin,  but  he  experiences 
no  pain  when  deeper  partes  are  cut. 

Such  considerations  seem  to  lead  to  the  conclusion  that  the 
nerve-fibrei*  ami  sense  apjiaratiises  ccmcerned  witli  painful 
sensations  are  quite  distinct  from  those  of  all  the  special  senses. 
If  that  be  so  we  must  also  assinne  that  there  are  '*^  pain  ^  i 
#bfw  very  widely  distribu ted  uver  the  skin  and  througli  most 
other  parts  of  the  Body,  and  uisually  not  so  stimulated  as  to 
cause  sensations  which  are  firesent  in  consciousness.  In  acci- 
dent or  disease  the  atlerent  impulses  become  powerful  enough 
to  arouse  perception  and  imperiously  call  attention  to  danger. 

^  The  nerve-fibres  concerned  may  be  witwred  "  ftbrei^  of  ftooiwitn 

{  flctiflibility, ^^  and  there  is  reason  to  believe  that,  normally, 
feeble  afferent  impulses  travel  along  them  from  nearly  all 
organs  to  the  fore-hm«i;  but  so  weak  and  so  uniform  as  not 

'  to  excite  a  perceived  feeling:  these  impulses  would  thus  form 
a  great  bai/k^reiund  of  snl»af»n^€>np  frding,  on  whitdi  special 
points  from  time  to  tinje  become  conspicuous  as  (Uie  or  otlier 
nerve  of  special  sense  is  8tjmulate<l  or  some  fibre  of  common 
sensibility  is  ahTTi»fmally  excited,  80  far  as  the  epidermis  is 
concerned,  the  ax4tM^Tn4ei'-4n«*aif^hes,  wliicli  end  in  it  with- 

'  m^  any  speeitiHtgmiiwail  iip]wmtns,  may  be  specially  fibres  of 
common  sensibility.^  }t  ....  l 

Pfijna  can  be  localized  though  but  only  imijjjrfMi  Wt7  and 
the  less  perfectly  Hie  more  Hcvere  they  are.  The  exact  place 
of  a  needle  prick  after  removal  of  the  needle  (so  that  there  is 
no  guiding  concomitant  touch  sensation)  cannot  be  recognized 
as  well  as  pin  touch  on  the  isame  region  of  the  skin,  but  still 
fairly  well;  w^hile  the  acute  pain  caused  by  a  small  abscess 
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(bone  felon)  under  the  periosteum  of  a  tinger  bone  is  often 
felt  all  over  tlie  foreurni;  und  a  single  di^eiided  tooth  may 
CJiutie  piiin  felt  over  the  whale  of  tliut  side  of  tlie  hice.  Tim 
is  prnbably  ttue  to  iinperfeciion  in  brniii  and  spiniil  eord  (if  the 
isoliitiou  of  the  paths  of  conduction  of  the  nervous  impuldea 
concerned. 

Common  SensationB.  These  agree  with  fM^in  sensationg  in 
CiiUing  attention  to  tH>iitiitrMms~of~onr  Bodit-s  iiiul  tu>t  m£  oH4ep- 
things.  Sumo  of  tfieni,  iks general  mahusftiml  *'  feeling  well," 
are  probably  due  to  nioilitieatioris  of  the  general  inflow  of  im- 
pnlseB  tbrongh  the  apparatus  of  eoninion  sensibility,  not  suffi- 
cient to  cause  a  feeling  of  definite  pain  or  pleiisure.  Others, 
as  hunger,  thiri^t  and  nausea,  may  have  similar  origin,  but  in 
a  more  lociilizcd  region, 

Himger  and  Thirst,  These  sensations,  which  regulate 
the  taking  of  foodt  are  peripherally  locaHzed  in  eouseiousness, 
the  former  in  the  Btomach  and  the  latter  in  the  thraat,  and 
loeal  conditions  no  doubt  play  a  part  in  their  production; 
though  general  states  of  the  Body  are  also  coucemed. 

Hunger  in  its  fii-st  stages  is  probably  due  to  a  condition  of 
the  gastric  nuu-ons  memhmne  which  comes  on  when  the  stom- 
ach lias  been  empty  some  time,  and  it  may  be  temporarily 
stilled  by  filling  tlie  organ  with  indigestible  substances.  But 
soon  the  feeling  comes  back  inteuBified  and  can  ordy  l*e  allaye<l 
by  the  ingestion  of  nutritive  substances;  provided  these  are 
absorbed  and  reach  the  blood,  their  mode  of  entry  in  unessen- 
tial; the  buni^er  ni^y^be  ctoyed  by  injections  of  tadd  into  the 
wotum  as  well  a,s  by  putting  it  into  the  stomach. 

Similarly,  thirst  may  be  temporarily  relievefl  by  muititen- 
ing  the  throat  without  swallowing,  but  then  souu  returns; 
while  it  may  be  i^e^rmanently  reliered  by  water  iTijpconns  into 
the  ¥#!!»,  without  wetting  the  throat. 

While  both  sensarinn^  rlrnvud  in  part  on  local  periphend 
conditions,  they  may  alsn  lir,  und  more  powerfully,  excited  by 
poverty  of  the  blood  in  foods  and  water;  such  deficiency 
probably  dir<wtly  gfefnmlstei  fairngfOi*  and^irst  bi>iuii  ntnim. 

Smell,  The  region  of  the  nostril  nearest  its  outer  end 
jHissesses  the  sense  of  toncli,  and  most  of  its  lining  mucous 
membrane  has  common  sensibility,  which  can  be  aroused  by 
such  gubstances  as  ammonia  vapor:  the  nerve-fibres  concerned 
in  tliese  feelings  are  derived  from  the  superior  maxiHaiy  branch 
of  the  fifth  nerve. 


THS  HUMAN  BODY. 


The  olfactory  oigan  proper  oonsiBtB  of  the  upper  portioiM  of 
the  two  nasal  cavities,  over  which  the  endings  of  the  cifBCtorj 
nerves  are  spread  and  where  the  macoas  membnuie  fans  a 
brownish-yellow  color.  This  region  {regio  olfacioria)  ooren 
the  upper  and  lower  turbinate  bones,  which  are  exponsioiia  of 
the  ethmoid  on  the  outer  wall  of  the  nostril  chamber,  the 
opposite  part  of  the  partition  between  the  nares,  and  the  part 
of  the  roof  of  the  nose  separating  it  from  the  cranial  cavity. 
The  epithelium  covering  the  mucous  membrane  contains  three 
varieties  of  cells  (2,  Fig.  173).  The  cells  of  one  set  are  much 
like  ordinary  columnar  epithelium,  but  with  long  branched 
processes  attached  to  their  deeper  ends;  mixed  with  these  are 

peculiar  cells,  each  of  which  has 
a  large  nucleus  sanoonded  by  a 
little  protoplasm;  a  dender  ex- 
ternal process  reaching  to  the  sor* 
face;  and  a  very  slender  deep  one. 
The  hitter  cells  have  been  sup- 
poeed  to  be  the  proper  olfactory 
end  organs,  and  to  be  connected 
with  the  fibres  of  the  olfactory 
nerve,  which  enter  the  deeper 
Btnita  of  the  epithelium  and  there 
divide.  In  Amphibia  the  corre- 
s|x>nding  colls  have  fine  filaments 
on  their  free  ends.  The  cells  of 
the  thinl  kind  are  irregular  in 
fonn  and  lie  in  several  rows  in  the 
det^jHT  jiarts  of  the  epithelium. 
It  may  l>e  that  the  cTHndrieri  cells 
if  not  (lU!  is  possible)  directly  con- 
ceriuHl  in  olfaction,  have  import- 
ant functions  in  regard  to  the 
nouruhuiaiii  of  Ihe  eUaetoty  cells 
wliioh  they  surround;  they  nmy 
for  example  supply  them  with 
ntHHlful  niatorial,  as  the  pignotent* 
ccUijiL-Uni-rtttina  an*  oona*nuHl  in  the  f*^»^^«^fij^p  y|  yiain^i 
puiplM  iii  >hf  wnV 

Odonnis  sul)stam»s«  the  stimuli  of  the  olfactory  apparatus, 
are  always  gasw>us  and  friM^uently  act  ]x>\i  erf ully  when  present 
in  very  small  amount.     We  i^annot,  however,  classify  them  by 


Fio.  173.— C>IU»  fn>ni  thi*  olfactory 
epithelium.  I,  fitMii  ih«*  fn^^;.  ., 
from  man:  n.  ooluiunar  ivil.  with 
it*  hranoli«^l  deep  pnK.*e«8:  ^,  ih»- 
calletl  olfartitry  cell;  i\  it*  narr*»w 
outer  pniceMi:  «l»  iii»  sleiuler  central 
pnK*es8.  a,  irray  nerve-rtlire*  of  the 
olfactikfv  nerve,  iteen  ttivUtiiiK  into 
hne  peripbei*al  l>ranche«  at  ii. 
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the  sedisations  they  aroase,  or  arrange  them  in  series;  and 
gmells  are  but  minor  sensory  factors  in  our  mental  life,  al- 
tliouffh  very  fMiwerful  jissaciations  of  memory  are  often  aroused 
by  odors*  We  cnnmionly  refer  them  to  external  objects,  since 
we  find  that  the  sensation  is  intejisifled  by  **  siuthng'*  air  into 
the  nose,  and  ceases  when  the  nostrils  are  closed.  Their 
peripheral  laealization  is,  however,  imperfect,  for  we  ennfound 
many  smells  with  tastes  (see  below) ;  nor  can  we  well  jndge  of 
the  direction  of  an  miorous  body  through  the  olfactorj*  sen- 
sations which  it  arouses. 

Taste*  The  organ  of  taste  is  the  mucous  membrane  on 
the  doi-sum  of  the  tongue  and,  in  some  persons,  of  tlie  soft 
palate  and  fauces.  The  nerves  concerned  are  the  "gloew 
likuvvji^lTtTs,  distributed  over  the  hind  part  of  tlie  tongue, 
and  the  Uwfufd  h'tmrhfft  of  the  inferior  maxilliiry  division  of 
the  trigeminals  on  its  anterior  two  thirds. 

On  the  tongue  most  of  the  smrsiffy  nerr^r  run  to  {Mtpttttr; 
the  eircnm  vail  ate  have  the  richest  supply,  and  on  these  are 
peculiar  end  or^wis  (Fig,   174)  known  as  tasie  buds;   they 
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are  oval  and  indjedded  in  the  epidermis  covering  the  side 
of  the  papilla.  Each  consists,  externally,  of  a  number  of  flat, 
fusiform,  nucleated  cells  and,  itittPiiaUy,  of  m%  ui  l^f^m  so- 
called  t  us  ill  ifHs.  The  hitter  are  much  like  the  olfactory  cells 
of  tlie  nose,  and  are  probably  connected  with  nerve-tibres  at 
their  deeper  ends.  Tlie  capsule  formed  by  the  enveloping 
cells  has  a  small  opening  on  the  surface;  each  taste-cell  tenui- 
nates  in  a  very  fine  thread  wliicb  there  protrudes.  Tiiste- 
buds  are  also  found  on  w^me  of  the  fungiform  pa]>ilke,  and 
it  is  possible  that  8im[»ler  structures,  not  yet  recognizt*tl,  and 
consisting  of   single   taste-cells  are   widely  spread  over   the 
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tongae,  since  the  miho  nf^taate  oaiata  where  : 
be  fomid.     The  Mifonn  papillg  are  probably 

That  subBtances  be  tasted  they  most  be  in  mtimtisff^*  ^<n|ie 
the  tongue  dry  and  pnt  a  crystal  of  sugar  on  it;  no  taste 
will  be  felt  until  exuding  moisture  has  dissolved  some  of  the 
crystal.  Excluding  the  feelings  aroused  by  acid  Bubstances, 
tastes  proper  may  be  divided  into  ^iraet,  bMer;  aeid»  and 
BRKse.  Although  contributing  much  to  the  pleasures  of 
life,  they  are  intellectually,  like  smells,  of  small  value;  the 
perceptions  we  attain  through  them  as  to  qualitiea  of  external 
objects  being  of  little  use,  except  as  aiding  in  the  selection  of 
food,  and  for  that  purpose  they  are  nirt  wf?  fpiirina  at  all 


Many  so-called  tastes  (flavore)  are  really  isHa;  odoriferous 
particles  of  substances  which  are  being  eaten  reach  the  olfac- 
tory region  through  the  posterior  nares  and  arouse  sensations 
which,  since  they  accompany  the  presence  of  objects  in  the 
mouth,  we  take  for  tastes.     Such  is  the  case,  e,g,j  with  most 
spices;  when  the  nasal  chambers  are  blocked  or  inflamed  by 
a  cold  in  the  head,  or  closed  by  compressing  the  nose,  the  so- 
called  taste  of  spices  is  not  perceived  when  they  are  eaten;  aU 
that  is  felt,  wlien  cinnamon,  e,g.^  is  chewed  under  such  cir- 
cuniRtances  is  a  certain  pungency  due  to  its  stimulating  nerves 
of  coninion  sensiitiou  in  the  tongue.     This  fact  is  sometimes 
taken  advantage  of  in  the  practice  of  domestic  medicine  when 
a  nauseous  dose,  as  rhubarb,  is  to  be  given  to  a  child.     Tot  till? 
sensations  play  also  a  part  in  many  so-called  tastes. 

As  the  tongue,  in  addition  to  taste  functions,  possesses 
tactile,  tempeniture,  and  fmrrsl  grnnibility.  its  nerve  ap- 
paratus must  l>e  complex;  and  there  is  even  reason  to  be- 
lieve that  different  nerve-fibres  with  presumably  different  end 
organs  are  concerned  in  the  different  true  tastes.  Most 
persons  taste  bitter  things  l)etter  with  the  baelrpart  of  the 
tongue  and  t^w^t  things  with  the  tifs  and  in  some  persons 
the  separation  of  function  is  quite  complete.  Chemical  com- 
pounds are  known  which  in  such  i)ersons  cause  a  pure  sweet 
sensation  if  placeil  on  the  tongue  tip  and  a  pure  bitter  sensa- 
tion if  placed  in  the  region  of  the  circuwvallHte  papillag; 
these  facts  seem  to  show  that  the  fibres  concerned  in  bitter 
and  sweet  sensation  are  distinct.  Again,  if  leaves  of  a  certain 
plant  {Gym noma  syhestre)  be  chewed,  the  capacity  to  taste 
sweet  or  bitter  things  is  lost  for  some  time,  but  salts  and  acids 
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are  tasted  a^  well  as  usual;  utid  iiio^t  persons  taate  udiuw 
better  at  the  widcs  of  the  ton^jfiit*  tluiu  elsewhere;  so  that  tlie 
Biklt  and  acid  sensati(jiv^  &eoiti  to  have  a  diiferent  apparatus,  tiot 
i)nly  from  the  sweet  and  bitter,  but  from  one  atiotlier 

The  Muscular  Sense*  The  nitij^eles art*  piidowed  \\\i\\  roin- 
rnon  sensibility,  ils  proved  by  tbi^  fwiim  rif  i  i»Hn»'mtii  faH^ue, 
but  in  connection  witli  tliem  we  luive  other  sensations  of  great 
importance,  altliongh  they  do  nnt  often  beconie  .^^o  obtrusive 
in  consciousness  as  to  arouse  Ht*paratc  attention.  Uertm'n  of 
these  fee  hugs  {musde  sen  mi  ion  a  p  roper)  are  due  to  the  ex- 
eitatiou  of  8«ius«HyTif?rves  ending  within  the  UHi^tsitti-iJiem- 
fielves:  othons  {innervaiiou  senmtiiotiif)  have  possibly  a  central 
origin  am)  aeeonqnuiy  tlie  st4irting  of  volitiona!  impulses  fruiri 
brain-cells;  they  are  only  felt  in  connection  with  the  voluntary 
skeletal  muscles. 

We  have  at  any  moment  a  fairly  accurate  kiif>w4^ge  of  the 
jHiKitkuT  of  various  parU  of  our  Ikidies,  even  when  we  do  not 
see  them;  and  we  can  also  judge  fairly  accnrntely  the  extent 
of  a  movement  made  wuth  the  eyes  shut.  The  alferent  nerve 
impulses  concerned  in  tlie  development  of  such  judgments  may 
1k3  variruis;  di^erent  ]mrts  of  tlie  i^kii^Ai^^preesed  or  creascil ; 
different  joints  are  subjected  t47  praeMire;  different  tfi%4h>Hs 
are  put  on  the  stini-tch  and  different  iimaileQ  are  in  tlifferent 
stiites  of  contraction,  and  it  is  by  no  means  easy  to  determine 
the  part  phiyed  in  each  case  by  tlie  sensory  nerves  of  the 
different  organs.  Moreover,  w^hen  we  push  against  an  object, 
or  lift  it,  we  are  able  to  form  a  judgment  as  to  the  amount  of 
effort  exerted;  but  here  again  pressure  on  skin  and  joints  and 
tension  of  tendons  eonie  in.  Although  under  normal  cirenm- 
stances  the  skin  sensiitions  are  umloubtedly  of  importance,  they 
are  not  necessary:  persons  with  cntainrong  pwmljrtft  i"an  apart 
from  sight,  judge  truly  tlie  pf>sition  of  a  limb  and  the  extent 
4if  movement  ma*ie  by  it;  and  in  many  movements  change  in 
joint  pressure  must  he  very  little  if  any.  We  have  then  to 
look  to  mttsclcs  and  ten<U.ms  themselvej^  for  an  important 
part  of  the  sensations,  and  in  both  nmscies  svnd  tendons  there 
are  organs  in  connection  with  nerve-fibres  which  arc  certairdy 
«ens*jry  in  nature:  moreover,  muscle  sensory  nerves,  whether 
through  the  organs  of  Golgi  or  some  other  end  organ,  ajipear 
to  be  excited  by  mere  passive  change  of  form  in  the  mus<dc : 
with  the  eyes  closed  each  of  us  can  tell  how  much  another 
person  has  lifted  one  of  our  arms. 
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Whether,  in  addition  to  the  true  moade  senaey  dependcnft 
on  afferent  impnlsea  sent  to  the  brain  from  the  contracted 
moade  or  its  tendons,  we  have  a  more  (tiiant  rnnariiniHiniw  of 
the  auaitut  uhiriH  exerted  to  produce  a  given  mnacular  oon- 
traction,  and  can  form  thereby  a  judgment  as  to  the  extent 
of  the  movement  or  ogtrt,  is  a  qnegtion  still  in  dispute.    A 
main  argument  in  favor  of  the  existence  of  such  centrally  origi- 
nating **  innei  i ation'  Benmtions ''  is  based  on  phenomeua  ob- 
served in  persons  afficted  with  paresis.      They  frequently 
judge  erroneously  for  a  time  as  to  the  extent  of  moYements  made 
by  them,  thinking  that  the  movement  is  greater  than  it  reaUy 
is.    It  is  argued  that  in  such  cases  the  error  cannot  be  based 
on  peripheral  sensations,  but  must  be  due  to  the  fact  that 
the  person  judges  by  the  amount  of  volitional  effort  he  has 
made,  which  was  such  as  in  his  previous  condition  of  health 
would  have  produced  a  greater  muscular  contraction  than  it 
now  does  in  his  paretic  condition.     It  is  especially  in  connec- 
tion with  eye  muscles  that  such  errors  have  been  noticed. 
When  we  follow  a  moving  object  with  the  eyes  we  judge  cf 
the  rate  of  movement  by  the  degree  of  contraction  of  the  ocular 
muscles  needed  to  keep  its  image  on  the  two  foveas:  if  the  eye 
inus(^le3  become  suddenly  enfeebled  the  person  at  first  thinks 
he  turns  his  eyeballs  faster  than  he  really  does  and  hence  that 
the  object  is  inoving  faster  than  it  actually  does:  or  he  may  not 
move  his  eye  at  all  when  he  has  willed  to  do  so,  and  hence 
coiichule  that  stationary  objects  are  in  motion  because  their 
imaffes  are  still  formed  on  the  same  region  of  the  retina,  which 
could  not  be  the  case  with  stationary  objects  if  the  position  of 
the  eyes  were  changed. 

Whether  the  sensations  by  which  we  judge  the  extent  of  a 
muscular  movement  be  entirely  peripheral  or  in  part  central, 
they  enable  us  to  detennine  very  minute  differences  of  con- 
traction: the  ocular  detennination  of  theTKstifflfte  of  an  object 
not  too  far  off  to  have  its  absolute  distance  determined  with 
considerable  accuracy,  dejwnds  almost  entirely  ui>on  judg- 
ments based  \\\^n  very  small  changes  in  the  degree  of  con- 
traction of  the  internal  and  external  «iial^ht^(rw/>')  maeeles, 
(converging  or  diverging  the  eyeballs;  and  of  the  ciliary  muscle 
determining  the  necessary  accommodation  of  the  lens.  A 
singer,  too,  must  be  able  to  judge  with  great  minuteness  the 
degree  of  contraction  of  the  small  muscles  of  the  larynx  nec- 
essary to  produce  a  certain  tension  of  the  voeal  cords.     It  may 
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be  wqU  to  point  out  tliat  we  do  not  refer  u  muscular  sengatiou 
to  any  given  muscle  or  niust'les:  it  is  merely  iissouiiited  witli  u 
certain  movement  or  position,  luifl  a  person  whii  knows  noth- 
ing about  his  ocnhir  nutseles  can  judge  distance  through  sen- 
sations derived  from  them,  quite  aa  well  as  any  anatomist. 
This  tfact  is  of  course  correlated  with  the  fact  that  in  voluntary 
movoinent  we  tlo  not  nnike  a  eonscious  elfort  to  contract  any 
particular  mui^clerf:  the  hightu*  n#rve  centres  are  meryly  con- 
cerned with  the  initiation  of  a  given  movement  of  u  given  ex- 
tent,  and  all  the  dtit^Mid-are  carried  out  hy  lower  co-ordinating 
centres.  In  ordinary  daily  life  in  fact  we  have  no  interest 
wfiutever  in  a  miificuhir  contrac-tion  per  ae ;  all  we  are  con- 
cerned with  is  the  result,  and  consciousness  has  never  had  need 
to  tronhle  itself,  if  it  could,  with  asaociating  a  particular  feel- 
ing or  H  particular  movemejit  with  any  individual  muscle,/)^,  ' 

Muscular  feelings  are,  Jis  already  pointed  out,  frequently  . 
and  closely  comhLned  not  only  with  visual  but  also  with  tactile, 
in  providing  sensations  on  which  to  base  judgments:  in  the 
dark,  when  an  object  is  of  such  size  and  form  that  it  cannot 
be  felt  all  over  hy  any  one  region  of  the  skin,  we  deduce  its 
shape  and  extent  by  combiinng  the  tactile  feelings  it  gives  rise 
to,  with  the  muscular  feelings  accompanying  the  movements 
of  the  hands  over  it.  Even  when  the  #y#*.are  used  the  sen- 
aationa  attained  through  them  niainly  serve  iis  short^utB  winch 
we  have  learned  by  experience  to  interpret,  as  telling  us  what 
'tue^rlcand  mnficulaj:  feelings  the  object  ^^qxi  wmiW- j^trr'iis  if 
^■fieTTf^and,  in  regard  todititiLnt  points,  althougli  we  have  learnt 
to  apply  arbitrarily  selected  standards  of  measurement,  it  is 
probable  that  distance,  in  relation  to  perception,  is  primarily 
a  jiulgment  as  to  how  much  muscular  effort  would  be  needed 
to  come  into  contact  with  the  thing  looked  at. 

When  we  wish  to  estimate  the  weight  of  an  object  we  al- 
wajTA,  when  {Kvssible,  lift  it,  and  so  comlnne  muscular  with 
tactile  sensations.  By  this  means  we  can  fonn  much  better 
judgments,  Wliile  with  touch  alone  just  perceptibly  «iilfer- 
ent  pressures  have  the  ratio  1  :  3,  with  the  muscular  sense 
added  differences  of  ^  can  be  perceived. 
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CHAPTER  XXXVI. 

THE  SPINAL  CORD  AND  REFLEX  ACTIONa 

The  Bpeoial  Physiology  of  Nerre-Centres.     We  have  al- 
ready studied  the  general  physiological  properties  of  nerra 
and  nerve-centres  (Chap.  XIII)  and  fonnd  that   while  the 
former  are  mere  transmitters  of  nervous  impulses,  the  latter 
do  much  more  tliau  merely  conduct.     In  some  cases  the  centres 
are  autofnatic;  they  originate  nerve  impulses,  as  illnstnited  by 
the  rhythmic  impulses  starting  from  the  respiratory  centre. 
In  other  cases  a  feeble  impulse  reaching  the  centre  gives  rise  to 
a  great  discharge  of  energy  from  it  (as  when  an  unexpected 
noise  produces  a  violent  start,  due  to  many  impulses  sent  out 
from  the  excited  centre  to  numerous  muscles),  so  that  certain 
\f^  u   centres  are  irritable.     Such  nerve-centres  contain  a  store  of 
jF^^jfl'  I  energy-liberating  material  which  only  needs  a  slight  distnrb- 
C3«        I  ance  to  upset  its  equilibrium  and  initiate  powerful  efferent 
,  inij)ulses  as  the  result  of  one  feeble  afferent.     Further,  tlie  im- 
pulse's thus  liberated  are  co-ordinated.     When  mucus  in  the 
larynx  tickles  the  throat  and  excites  afferent  nerve  impulses, 
these,  reaching  a  centre,  cause  discharges  along  many  efferent 
fibres,  so  combined  in  sequence  and  power  as  to  produce,  not 
a  mere  aimless  spasm,  but  a  cough  which  clears  the  passage. 
Ill  very  many  cases  the  excitation  of  centres,  with  or  without 
at  the  same  time  some  of  the  above  phenomena,  is  associated 
with  sensations  or  other  states  of  consciousness. 

We  have  now  to  study  which  of  these  powers  is  manifested 
by  different  parts  of  the  central  cerebro-spinal  nervous  system, 
and  under  what  circumstances  and  in  what  degree:  and  also 
some  of  the  phenomena  of  conduction  in  spinal  cord  and 
brain.  ,    • 

Conduotion  in  the  Spinal  Cord.  ^The  spinal  cord,  form- 
ing (except  the  slender  sympathetic)  the  only  direct  com- 
munication between  the  brain  and  most  of  the  nerves  of  the 
Body,  was  considered  by  the  older  physiologists  as  merely  a 
huge  nerve-trunk,  into  which  the  various  spinal  nerves  were 
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collected  on  their  way  to  the  eiiee^jhalon.  It  does,  it  is  true, 
cuntsiin  the  paths  for  the  uondtiL'tioii  of  all  those  iriipiilses 
which,  oiigiimting  in  the  cerehrum,  give  me  to  voluntary 
movemeats  of  the  trunk  and  limbs;  also  for  all  the  ceiitmlly 
tnivelling  impulses  which  i^\\e  rUe  to  sens-utitm^  ascribed  to 
tiiosc  parts;  and  it  h  jUso  the  path  for  certaio  impulses  giving 
rise  to  involuiit4*ry  movefiient^  m^  for  example,  those  which, 
I  originating  in  the  respiratory  centre,  travel  to  the  phrenic  and 
'  intercostal  nerves. 

If,  however,  the  cord  were  merely  (*<>llected  jtnd  eoQiimied 
nene-rojil^  it  oijj;lit_to  increasejMTnsijj^nilily'  in  hulk  m  it  ap- 
pn3?icried  the  skull,  and  tliTs  it  does  not  do  in  anything  like 
the  required  proportion;  a  histological  enumemtion  al^o  shows 
that  the  total  number  of  fdires  cut  across  in  a  transverse  sec- 
tion of  tlie  cord  in  the  upper  c  ervical  region  is  far  Icr^s  than 
the  total  number  of  fibres  in  all  the  spinal  nerve-roots.  Most 
of  the  root-tibres,  in  fact,  pass  at  once  into  the  central  gray 
mass  and  their  axis  cylinders  end  in  its  cells,  or  lose  their  in- 
dividuality liy  joining  its  network  of  cell  bmnelK's  and  tine 
non-mm!u Hated  fibres.  Most  of  the  f]l>res  of  the  anterior  root 
eml  in  nerve-cells  near  the  level  at  whicli  they  join  the  cord, 
especisilly  in  the  cells  of  the  anterior  horns:  many  of  the  fibres 
of  the  posterior  roots  also  join  the  gray  network,  eitlier  at  or 
a  little  above  or  a  little  below  the  level  at  which  they  reaeh 
the  cord,  but  some  appear  to  run  on  to  the  brain  without  en- 
tering the  gniy  core.  Tliosi'  whicli  tlo  pass  into  it  [iroliably 
break  up  in  its  network  and  are  not  tlirectly  continued  into 
a  cell,  but  this  is  still  uncertain.  In  correspondence  witli  the 
fact  that  most  of  the  spinal  nerve-fibres  have  their  primary  ter- 
mination in  it  near  their  p<*int  of  entry,  is  the  fact  that  the 
amount  of  gray  nuitter  at  any  level  is  greater  or  less  accord- 
ing as  the  nene-roots  at  that  level  are  large  or  small:  the 
eerrical  and  lumbar  enlargements  for  example  are  almost 
entirely  due  to  incrciise  of  gray  matter  in  those  regions. 
When  we  make  a  voluntary  movement  of  a  limb  the  impulse 
OTgin^ting  in  the  brain  does  not  pass  directly  to  the  motor 
nerves  of  the  muscles  concerned,  but  to  a  mechanism  in  the 
gniy  matter  of  the  cord,  which  is  in  connection  with  those 
muscles;  and  when  we  feel  an  object  totiching  the  finger,  the 
afferent  impulses  probably,  though  not  so  certainly,  first  enter 
the  gray  core  of  the  cord  and  thence  make  a  fresh  start  to 
the  brain.     When  the  blood-vessels  constrict  on  painful  stimn- 
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lation  of  the  sciatic  nerve,  impnlaes  miut  travel  from  the 
lumbar  enhiigement  of  the  cord  to  the  Taao-oonstrictor  centre 
in  the  medulla  and  reflex  afferent  impulacB  from  it  down  the 
cord  to  the  region  of  the  gray  matter  from  which  the  anterior 
roots  conveying  motor  fibres  for  the  blood-veaaels  paaa  out 
Although  part  of  the  whole  course  of  such  impuLaea  lies 
in  the  gray  core,  yet  most  of  it,  in  the  normal  physiological 
working  of  the  Body  lies,  so  far  as  the  cord  is  concerned, 
in  its  white  columns,  and  we  have  now  to  try  and  track 
these  paths:  as  also  paths  of  special  oonduotion  between 
different  regions  of  the  spinal  gray  matter  themaelveB*  The 
gray  matter  of  the  cord  being  directly  continnona  with  the 
gray  matter  of  tlie  medulla  oblongata  and  through  it  with  that 
of  some  other  parts  of  the  brain  can  transmit  impnlaes  after 
all  the  white  colunms  of  the  cord  have  been  divided,  bat  with 
such  conduction  we  are  not  for  the  present  concerned. 

To  determine  the  special  paths  in  the  white  aubetance  of 
the  cord  from  and  to  the  brain  several  methods  have  been 
employed.  Experiment  on  animals  as  to  loss  of  aenaation  or 
the  power  of  voluntary  movement  in  parts  supplied  by  nervea 
arising  from  the  cord  posterior  to  a  partial  transverse  section 
give  on  the  whole  unsatisfactory  results:  partly  because  of  the 
difficulty  in  exiictly  limiting  the  section  and  partly  because 
of  the  genenil  shock  to  the  ner\-ou8  system  resulting  from  the 
operation.  Still  something  has  been  learned  in  that  way, 
and  something  also  from  ob8er^'ations  on  persons  suffering 
from  more  or  less  localized  diseases  of  the  spinal  cord.  Direct 
stimulation  of  parts  of  the  cord  exposed  by  transverse  section 
have  also  given  some  results;  but  more  satisfactory  evidence 
as  to  tracts  of  conduction  between  the  brain  and  cord  have 
been  obtained  ])y  the  Wallerian  method  and  by  the  study 
of  development.  llemoval  or  disease  of  certain  parts  of 
the  brain  and  partial  cross-sections  of  jwrtions  of  it  or  of 
the  cord  itself,  give  rise  to  degeneration  of  localized  groups  of 
fibres  in  parts  of  the  cord  posterior  to  the  disease  or  injury: 
these  are  tracts  of  descending  degeneration.  Partial  crosa- 
section  of  other  parts  of  the  cord  or  of  the  posterior  spinal 
roots  lead  to  degenerations  above  the  injury  or  ascending  rf«. 
generations:  and  in  general  all  the  fibres  which  degenerate  as 
a  result  of  a  given  injury  acquire  in  embr}'onic  development 
their  medullary  sheaths  at  the  same  time,  which  is  different 
from  the  period  at  which  other  groups  acquire  theirs.     Finally, 
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some  regions  of  the  white  8ub8tuiu'e  of  the  cord  undergo  no 
degenenition  m  the  result  of  injt:rie.s  uhove  or  below  them. 

The  details  iks  to  the  result  of  st-otiooi^  or  iujuries  itt  various 
levela  differ  eonsideruhly,  but  their  brotid  features  are  iudi- 
cuted  in  Fig.  175,  in  whicli  tracts  of  descending  degeneration 
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Pro.  175>— DIagrmin  of  a  croKa-sectlon  of  xh**  spinal  ord  near  th«*  upp«r  fm.rt  ot 
tbeoenficiJ  enluvemenl  ro  Indicate''  thr  mafa  tract'*!  of  oscendtnjr  «n4  de»c*»tidjn(r 
<Jeserieratloni.  Tlit*  ^ray  matter  ih  in  ivi^ui  blaek;  traetH.  of  de«oetiidi In k  dff^fiie ra- 
tion ar«*  Hbadt-ct  in  ¥Krtical  and  of  aace-ndini;  to  horizontal  Uijim;  pt,  pyramUial  or 
croaaed  pyraciiidaL  ti-acl;  dpt^  direct  pyramidal  tru«;i;  dc-al,  descending  ttitfro- 
lateral  froc*;  ct,  comma  tract:  fht,  oert^Vtlar  tract;  ac-al,  aflc(*ndinf;  ant^rr^lateral 
tract;  i. «?,  t,  r,  ptMiiprlor  iiiedtan  tract :  It,  tract  of  Liassmuer*,  rpc.«xtem&1  posterior 
coiiimn;  f^ai  internal  an  tero-1  antral  coin  mo. 

are  ?;liaded  in  vertieul  lines,  and  of  aseeutling  degenenition  in 
blaok.  It  rei>resenta  a  cross-section  of  the  cord  at  about  tho 
level  of  the  fifth  cervical  nerve.  The  descending  area  of  de- 
generation, pt^  is  the  pijrHmidal  trarf  or  rvftssed  pi/ramifM 
tract;  its  filires  degenerate  posterior  to  tmy  hemisection  of  the 
cord  on  tbe  same  side,  and  to  section  of  the  anterior  pyramid 
of  tlie  uieduUa  oblongata,  or  of  the  erus  cerebri  on  the 
opposite  sitle,  or  as  a  result  of  disea^ie  or  lesions  of  certain 
parts  of  the  convolutions  of  the  cerebral  licmisphcre  of  the 
opposite  side.  This  tract  is  hirge  in  the  upi>er  jyart  of  the 
<^ord  and  becomes  smaller  the  further  down  it  is  examined, 
because  fibres  are  all  the  way  sejiarating  from  it  to  end  in  the 
gray  matter  of  the  cord,  where  they  join  the  mechanisms  from 
which  the  motor  fibres  of  the  anterior  spiual  root^  arise.  The 
fibres  of  the  ])ymmidal  tract  originate  and  have  their  nutri- 
tive centres  in  what  is  known  as  the  motor  area  of  the 
cerebral  cortex;  from  there  they  converge  and  arc  collected 
into  the  ventral  portion  of  the  crus  cerebri  and  pass  through 
It  and  the  pons  Varolii  to  the  ventral  median  portion  (an- 
terior pyramid)  of  the  medulla  oblongata,  and  there  cross  the 
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middle  line  at  what  is  known  as  the  deeustaiton  oj  ike  pyr- 
amids and  enter  the  spinal  cord  on. the  opposite  aide.  The 
area  of  descending  degeneration,  dpi^  lying  cloee  to  the  an- 
terior fissure  is  the  direct  pyramidal  tract.  Its  fibres  arise  in 
the  same  cerebral  region  as  those  of  pyramidal  tract,  and  have  a 
similar  course  and  ending,  except  that  they  do  not  cross  to  the 
other  side  in  the  medulla  oblongata,  but  gradually  pass  over 
in  the  spinal  cord  itself,  to  end  in  the  gray  matter  connected 
with  the  origin  of  the  anterior  spinal  roots:  the  direct  pyram- 
idal tract  does  not  extend  so  far  down  the  cord  as  the  crossed 
tract,  pt.  Another  tract  of  descending  degeneration  is  dc.al^ 
the  descending  antero-lateral :  it  represents  rather  an  area  orer 
which  are  to  be  found  some  degenerated  fibres  scattered  among 
many  nndegenerated,  than  a  distinct  group  of  fibres.  The 
same  may  be  said  of  c/,  the  comma  tract:  it  only  extends 
a  short  way  down  in  the  external  posterior  column  of  the  cord 
after  a  hemisection  has  been  made  on  the  same  side.  Its  fibres 
are  posterior  root-fibres  running  back  in  the  white  matter  a 
little  distance  before  entering  the  gray  core. 

A  conspicuous  tract  of  ascending  degeneration  is  the  cere^ 
bellar  tract  cbJ.  It  lies  on  the  outer  side  of  the  pyramidal 
tract  and  can  be  trace<l  along  the  dorsal  side  of  the  mednlla 
oblongata  to  the  cerebellum.  It  commences  in  the  lumbar 
region  of  the  cord,  and  seiMns  to  contjiin  two  sets  of  fibres; 
some  originating  in  the  gniy  matter  and  jyassing  on  to  re-enter 
it  at  a  higher  level  of  the  cord;  and  others  continued  to  the 
cerebellum.  The  nerve-fibres  of  this  tract  are  very  large. 
Another  important  ascending  tract,  s^e,  /,  r,  lies  in  the  median 
portion  of  the  posterior  white  column  and  is  named  the  median 
posterior  tract.  It  commences  in  the  lower  portion  of  the 
cord  and  gratiually  increases  in  size  upwards.  Its  degenera- 
tion follows  not  only  section  of  the  posterior  column,  but 
section  of  the  dorsal  roots  of  the  spinal  nerves:  sections  of 
these  roots  in  the  sacral,  lumbar,  thoracic,  and  cervical  nerres 
cause  degenerations  in  the  areas  marked  respectively  s,  e,  /,  c; 
hemisection  of  the  cord  is  followe<l  above  the  section  by  de- 
generations in  this  tract  corresponding  to  all  tue  spinal  nerves 
which  join  the  conl  below  the  section.  The  posterior  median 
tract  is  lost  as  a  distinct  tract  in  the  medulla  oblongata :  its 
fibres  are  nearly  all  small.  The  ascending  anfero-lateral  tract, 
acaU  contains  many  fibres  which  undergo  degeneration  after 
section  of  the  cord  on  the  same  side,  mixed  with  many  fibres 
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which  do  not  degenerate.  It  resembles  the  cerebellur  tnvct 
and  tliJTers  from  tin*  median  posterior  in  only  iindertrohig  <le- 
generatioii  after  section  of  the  cortl  itself,  and  not  of  the  pos- 
terior roots  also*  The  npward  ending  of  its  fibres  is  still 
uncertain,  hut  is  probably  in  the  eerebelluni :  tire  origin  of  the 
fibres  18  in  the  grny  mutter  of  the  cord. 

Allowin^f  for  all  the  tnuls  of  degeneration  above  described 
it  will  be  seen  that  considerable  portions  of  the  white  col- 
nmns  of  the  cord  (left  unshaded  in  Fig.  175)  are  un- 
affected :  lit  the  most,  trifling  rlegenerations  extending  a  little 
way  al>ove  or  below  the  point  of  eross-seetion  are  found. 
Some  of  the^  are  due  to  bundles  of  ]>osterior  root-tibres  which 
run  for  a  short  distance  in  t!ie  external  posterior  column,  rp(\ 
before  gepaniting  into  two  sets,  one  entering  the  gmy  matter 
of  the  posterior  cornn,  the  other  passing  into  the  internal 
median  tract.  Another  bundle  of  piisterior  r*;M>t-fil>res  runs 
np  in  the  cord  a  short  way  in  wdiat  is  named  tlie  eohimn  of 
IJsmtf€}\  It^  and  gives  rise  to  an  amending  dt^generation  ex- 
tending a  sliort  way  above  any  hemisection.  The  main  bulk 
of  the  unshaded  parts  of  the  figure,  however,  represents  longi- 
tudinal tihres  which  do  not  degenerate  np  or  down  after  section 
of  the  cord:  tliey  ai>peur,  therefore,  t*)  have  nutritive  centres 
at  each  end;  and  ]irobabiy  are  fibres  uniting  different  levels 
of  the  gray  matter.  In  addition  to  the  longitndinal  are  of 
course  some  horizontal :  the^e  are  partly  fibres  of  sjnmU  roota 
passing  into  the  gray  core^  partly  medullated  fibres  crossing 
the  uiiddle  line  in  the  anterior  white  conunisgure;  and  in 
addition  to  fibres  of  the  gray  matter  proi>er  uniting  its  Indvea 
across  the  middle  line  are  many  fine  medullated  fihres  which 
rnn  dorso- vent  rally  and  from  side  to  side  in  it. 

As  regards  longitudinal  conduction  in  the  white  columns  of 
the  cord,  we  may  sum  up  tlie  main  faet«  us  follows:  Th  j  py- 
Hiniidal  and  direct  pyramidal  tracts  consist  of  efferent  fibres 
uniting  the  cerebral  cortex  with  various  levels  of  tlie  griiy 
matter  of  the  cord  from  which  motor  fibres  for  the  volnnt^iry 
nniscles  pa^^s  out.  The  descending  antero-lateral  tract  prob- 
ably jjso  contains  efferent  fibres  uniting  the  brain  with 
different  parts  of  the  gray  matter  of  the  cord.  The  cerebellar 
and  ascending  lateral  tracts  convey  afferent  impulses  from  the 
gray  matter  of  the  cord  to  the  brain,  but  are  only  indirectly 
counecteil  with  the  fibres  of  the  dorsal  spinal  roots.  The 
median  posterior  tract  is  afferent  and  mainly  made  of  fibres 
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which  pass  directly  from  the  donal  spinal  roots  to  the  bnin 
without  intervention  of  the  gray  matter  of  the  oord ;  bat  some 
of  its  fibres  pass  into  the  gray  matter  of  the  cord  befm 
reaching  the  medulla  oblongata*  Finally,  the  tracts  whkli 
show  no  special  ascending  or  descending  degenerations  an 
mainly  made  of  longitudinal  commissural  fibres  uniting  difEeiv 
ent  regions  of  the  gray  matter  of  the  cord. 

The  Spinal  Cord  as  a  Beflez  Centre.  In  order  to  explain 
physiological  facts  we  must  assume  in  addition  to  the  special 
paths  of  union  between  parts  of  the  gray  matter  of  the  cord 
afforded  by  certain  fibres  of  the  white  columns,  first,  that  a 
nervous  impulse  entering  the  gray  network  at  any  point  msy, 
under  certain  conditions,  travel  all  through  it,  and  give  rise 
to  efferent  impulses  emerging  at  any  level;  and,  on  the  other 
hand,  that  there  are  certain  lines  or  paths  of  easiest  propa- 
gation between  different  points  in  this  network,  which  the 
impulses  keep  to  under  ordinary  conditions. 

When  a  frog  is  decapitated  it  lies  down  squat  on  its  belly 
instead  of  aasumiug  the  more  erect  position  of  the  uninjured 
animal;  its  respiratory  movements  cease  (their  centre  being 
removed  with  the  medulla);  the  hind  logs  at  first  remain 
sprawled  out  in  any  position  into  which  they  may  happen  to 
fall,  but  after  a  time  are  drawn  up  into  their  usual  position, 
with  the  hip  and  knee-joints  flexed :  having  made  this  move- 
ment the  animal,  if  protected  from  external  stimuli,  makes  no 
other  by  its  skeletal  muscles ;  it  has  lost  all  spontaneity,  and 
only  stirs  under  the  influence  of  immediate  excitation.  Xev- 
ertlieless  the  heart  goes  on  beating  for  hours;  the  muscles 
and  nerves,  wlien  examined,  are  found  to  stUl  have  all  their 
usual  physiological  properties;  and,  by  suitable  irritation,  the 
animal  can  be  made  to  execute  a  great  variety  of  complex 
movements.  But  it  is  no  longer  a  creature  with  a  will,  doing 
tilings  which  A/e  cannot  predict;  it  is  an  instrument  which 
can  be  played  upon,  giving  different  responses  to  different 
stimuli  (as  different  notes  are  produced  when  different  keys 
of  a  piano  are  struck),  and  always  the  same  reaction  to  the 
same  stimulus;  so  that  we  can  say  beforehand  what  will  hap- 
pen when  we  touch  it.  Such  actions  are  called  reflex  or  excifo- 
motor  and  fall  into  two  groups:  (1)  orderly  or  purpose-like 
reflexes^  which  are  correlated  to  the  stimulus  and  are  often 
defensive,  tending,  for  instance,  to  remove  an  irritated  part 
from  the  irritating  object;  (2)  disorderly  or  convulsive  reflexes^ 
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not  tending  to  produce  any  definite  result,  and  affecting  either 
a  limited  region  or  M  tlie  mnscles  of  the  body- 
In  higher  imimida  ainiilar  {ihenuinemi  may  be  observed.  If 
a  mhhit'E?  spinal  eord  be  divided  at  the  bottom  of  the  iieek  the 
imiinid  is  ut  firat  tlirowu  into  a  tltieeid  limp  condition  like  the 
frog,  but  it  soon  recovers.  Voluntury  movements  in  m y scales 
Bupphe<i  f rom  tbt*  8i»inal  eon!  behind  the  t^ection  are  never  seen 
again;  but  on  pinching  the  hind  foot  it  is  forcibly  withdrawn* 
Men,  whose  spinal  cord  has  Ijeen  divided  by  stahB  or  disease 
lielow  the  level  of  the  ttfth  cervical  spinal  roots  (above  which 
tlie  tibres  of  the  plirenic  ner\*e,  which  are  necea^iry  fir  breath- 
ing, pass  out),  ftometiines  live  for  a  time,  but  can  no  longer  move 
their  legs  by  any  etTort  of  the  will,  nor  do  they  feel  touches, 
pinches,  or  hot  thingis  applied  to  them;  if,  however,  the  series 
of  the  feet  be  tickled  the  legs  are  thrown  into  vigorous  move- 
ment. As  a  nde,  however,  orderly  reflexes  are  less  marked 
and  leas  numerous  in  the  higher  animals;  in  them  the  organ- 
ization is  less  miiehine-like,  tlie  npinal  cord  being  more  the 
servant  of  the  larger  brain,  nm\  less  capdile  of  working  with- 
out directions.  Such  animals,  when  intact,  can  to  a  greater 
extent  control  the  mnffl[*uhir  re8i)oii.'^es  whicli  shall  be  made  to 
stimidi  under  various  conditions;  they  have  less  automatic 
protection  in  the  ordinary  risks  of  life,  but  a  greater  range  of 
jKiasible  protection.  The  human  spinal  cord,  contn^lled  by 
the  brain,  can  adapt  the  reactions  of  the  Body,  with  great 
nicety,  to  avast  variety  of  conditions;  the  frog's  cord  by  it«elf 
does  this  for  a  smaller  number  of  possible  emergencies  without 
troubling  at  all  sucli  brain  as  the  animal  has,  but  is  less  com- 
pletely under  the  control  of  the  higher  centres  for  adaptation 
to  other  and  more  complex  conditions.  The  difference  lH?ing, 
however,  but  one  of  elcgree  antl  not  of  kind,  it  is  best  to 
approiich  the  study  of  the  reflex  actioTiS  of  the  human  spinal 
cord  through  an  examination  i>f  those  t*xhihited  by  the  frog. 

The  Ordinary  Reflex  MoTenients  of  a  Decapitated 
Frog,  For  the  occurrence  of  these  the  following  parU  must  be 
intact:  (r/)  the  end  organs  of  sensory  nerve-flbres;  (Zp)  afferent 
!il>res  from  these  to  the  cord;  (e)  efferent  lihres  from  the 
conl  to  themu84des:  (d)  the  part  of  the  spinal  cord  between 
the  afferent  and  efferent  fibres;  (e)  the  muscles  concerned  in 
the  movement.  If  the  decapitated  animal  be  suspended  ver- 
tically after  the  shock  of  the  operjition  is  over,  it  makes  a  few 
attempts  to  hold  its  hind  legs  in  their  usual  flexed  position; 
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these  soon  cease,  the  legs  hang  down,  and  the  creature  oomes 
to  rest.    If  one  flank  be  now  gently  scratched  with  the  point 
of  a  pencil  a  reflex  movement  occurs,  limited,  to  the  mnacles 
of  that  region;  they  twitch,  somewhat  as  a  horse^s  neck  when 
tickled  by  flies.     If  a  pinch  with  small  forceps   be   giren 
at  the  same  spot,   more  muscles  on  the  same   side   come 
into  play;  a  harder  pinch  causes  also  the  hind  leg  of  that 
side  to  be  raised  to  push  away  the  offending  object;    more 
violent  and  prolonged  irritation  causes  all  the   muscles  of 
the  body  to  contract,  and  the  animal  is  conTolaed.      Here 
then  we  see  that  a  feeble  stimulation  oauses  a  limited  and 
purpose-like  response;  stronger  causes  a  wider  radiation  of 
efferent    impulses  from  the  oord    and    the  oontraction  of 
more  muscles,  but  still  the  movements  are  oo-ordinated  to 
an  end;  while  abnormally  powerful  stimulation  of  the  sen- 
sory nerves  throws  all  the  motor  fibres  arising  from   the 
oord  into  activity,  and  calls  forth  inco-ordinate  spaamodic 
action.     The  orderly  movements  are  very  uniform  for  a  given 
stimulation;  if  the  anal  region  be  pinched,  both  hind  l^gs  are 
raised  to  push  away  the  forceps;  if  a  tiny  bit  of  bibulous  paper 
moistened  with  dilute  vinegar  be  put  on  the  thigh,  the  lower 
part  of  that  leg  is  raised  to  wipe  it  off;  if  on  the  middle  of  the 
back  near  tlie  head,  botli  feet  are  w\\>ed  over  the  spot;  if  on 
one  flank,  the  le^  and  foot  of  that  8ide  are  used,  and  so  on; 
in  fa(^t,  by  careful  working,  the  frog'8  skin  can  be  map{)ed 
into  many  regions,  the  application  of  acidulated  water  to  each 
causing  one  particular  movement,  due  to  the  co-ordinated 
contnictions  of  nnisc^les  in  different  combinations,  and  never, 
under  ordinary  circumstances,  any  but  that  one  movement. 
Tlio  above  pur|)ose-like  reflex  movements  may  all  be  charac- 
terized Jis  (lefensive,  but  all  orderly  reflexes  are  not  so.     For 
example,  in  the  breeding  season  the  male  frog  clasps  the  female 
for  sevend  days  with  his  fore  limbs.     If  a  male  at  this  season 
be  decapitated  and  left  to  recover  from  the  shock,  it  will  be 
found  that  gently  rubbing  his  sternal  region  with  the  finger 
causes  him  to  clasp  it  vigorously. 

Disorderly  Befiexes  or  Befiex  ConvulsionB.  These  come 
on  when  an  afferent  nerve-trunk  is  stimulated  instead  of  the 
tactile  end  organs  in  the  skin ;  or  when  the  skin  is  very  power- 
fully excited;  or,  with  feeble  stimuli,  in  certain  diseased  states 
{pathological  tetanus)^  and  under  the  influence  of  certain 
poisons,  especially  strychnine.     If  a  frog  or  a  warm-blooded 
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minimal  b€  given  a  close  of  the  latter  drug,  a  sthimlus,  such  as 
jiormiiUy  would  excite  only  limited  orderly  reflexes,  will  excite 
the  whole  cord,  mid  lead  to  diseharges  along  all  the  efferent 
fibres  80  that  general  convulsions  result.  It  has  heeii  elearly 
proved  that,  in  such  cases,  not  the  skin,  or  afferent  ur  efferent 
nerves,  or  the  mu^les,  but  the  spinal  cord  itself  ia  affected  by 
the  poison  (at  least  primarily),  unless  unnecessarily  large  doses 
have  been  given. 

The  Least-ReBistance  Hypothesis.  In  order  to  compre- 
hend reflex  at^ts  we  uuist  atNSiniie  a  manifold  iininn  of  afferent 
with  effertint  nerve-fihres;  this  is  anatomically  afforded  by  the 
minute  plexus  of  the  gray  network,  which  is  continuous  through 
the  whole  cord^  and  in  wldcli  many  fibres  of  the  anterior  and 
posterior  nerve-roots  directly  or  indirectly  end.  The  contin- 
uity of  this  network  serves  to  explain  general  reflex  convnl- 
siona,  and  the  spread  of  an  afferent  impulse,  or  its  results, 
through  the  whole  cord,  with  the  consef|Uent  endssion  of  effe- 
rent impulses  through  many  or  all  t!ie  anterior  roots;  but,  on 
the  other  hand,  it  renders  it  difficult  to  understand  limited 
and  orderly  reflexes,  in  which  only  a  few  efferent  flbres  are 
KtinndateiL  To  exjilaiu  them  we  have  to  as^sume  a  great  re- 
sistance to  conduction  in  the  gray  network,  so  that  a  nerve 
impulse  etiteri ng  it  is  s(X>n  blocked  and  tmnsmuted  into  some 
other  form  td  energy;  hence  it  only  reaches  efferent  tibres 
originating  near  the  point  at  which  it  enters,  or  fibres  phieed 
in  specially  easy  communication  with  that.  When  the  frog*s 
flank  is  tickled,  only  muscles  innervate<i  from  anterior  rorits 
on  the  same  side  of  the  body,  and  springing  from  the  same 
level  of  the  cord,  are  nuide  to  contract;  wlien  the  stinndus  is 
more  powerful,  the  stronger  afferent  impulse  radiates  farther, 
hut  mainly  in  dire<Hions  determined  by  lines  of  conductivity 
in  the  cord;  e.g. ^  to  the  origin  of  tlie  efferent  flbres  which 
Qxmm  lifting  of  the  bind  leg  to  the  irritated  spot.  These 
paths  of  eiisiest  corul action,  or  of  least  resistance,  in  some 
eases  lie  in  the  gray  matter  itself,  in  others  in  tlie  inier-central 
or  rommiMHttra!  fibres  of  the  highly  conductive  medullated 
kiud,  whicli,  passing  out  of  tl»e  gray  substance  at  one  level, 
run  in  the  white  columns  to  it  at  another,  where  the  efferent 
fibres  of  the  muscles  called  into  play  originate.  A  still  stronger 
afferent  impulse  radiates  wider  still,  and,  liberating  energy 
from  all  the  nerYe-cells  in  the  gray  matter,  produces  a  useless 
general  convulsion.     Under  the  influence  of  strychnine  and 
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in  pathological  tetanus  (as  observed,  for  examine,  in  hydith 
phobia),  the  condactivity  of  the  whole  gray  matter  ia  so  in- 
creased  that  all  paths  through  it  are  easy,  and  so  a  feeble 
afferent  impulse  spreads  in  all  directions. 

To  account  for  the  phenomena  of  localiied  skin  sensatiou 
and  of  limited  voluntary  movements  we  must  make  a  similar 
hypothesis.  If  the  nervous  impulses  entering  the  gray  net- 
work of  the  cord  or,  through  fibres  of  the  posterior  median 
tract,  the  gray  matter  of  the  medulla  oblongata,  when  the 
tip  of  a  finger  is  touched  spread  all  through  it  irr^rniariy, 
we  could  not  tell  what  re^on  of  the  skin  had  been  stimu- 
lated, for  the  central  results  of  stimulating  the  most  varied 
peripheral  parts  would  be  the  same.  From  each  r^on  of  the 
gray  network  where  a  sensory  skin-nerve  enten  there  must, 
therefore,  be  a  special  path  of  conduction  to  an  anterior  brain 
region,  producing  results  which  differ  recognisably  in  con- 
sciousness from  those  following  the  stimulation  of  a  different 
skin  region.  Possibly  for  true  touch  and  temperature  sensa- 
tions these  paths  are  in  t lie  post-median  tract.  The  acateness  of 
the  localizing  power  will  largely  depend  on  the  definitene« 
of  the  path  of  least  resistance  in  the  gray  matter,  since  while 
traveling  in  a  meduUated  nerve-fibre  from  the  skin  to  the 
cord,  or  (in  the  white  columns)  from  the  gray  matter  of  the 
latter  to  the  bniin,  tlie  nervous  impulse  is  confined  to  a  definite 
track.  Hence  anything  tending  to  let  the  afferent  impulse 
radiate  when  it  enters  the  gray  network  will  diminish  the  ac- 
curacy with  which  its  iKjripheral  origin  can  be  located.  This 
we  see  in  violent  pains;  a  whitlow  on  the  finger  affects  only 
a  few  nerve-fibres,  but  gives  rise  to  so  jwwerful  nerve  impulses 
that  when  tliey  reach  tlie  cord  they  spreiwl  widely  and,  break- 
ing out  of  the  usual  track  of  propagiition  to  the  brain,  give 
rise  to  ill-localized  feelings  of  pain  often  referred  all  the  way 
up  tlie  arm  to  the  elbow.  Sucli  crises  are  comparable  to  the 
transformation  of  an  orderly  reflex  into  a  general  convulsion 
when  the  stimulus  increiises. 

As  animals  exhibit  no,  or  at  most  limited,  spontaneous  move- 
ments when  their  whole  cerebral  hemispheres  are  removed,  we 
conclude  that  the  nerve  impulses  giving  rise  to  such  movements 
normally  start  in  those  parts  of  the  brain.  Thence  they  travel 
down  the  pyramidal  tracts  of  the  cord  to  its  gray  matter,  which 
they  enter  at  diflFerent  levels,  each  in  the  neighborhood  of  a 
centre  for  producing  a  given  movement.    If  they  there  radiated 
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far  iiiul  wide  no  ilethiite  movement  could  result,  for  nil  the 
imist'lefS  supplied  from  tlie  cord  would  be  tuu4e  to  contniet, 
autl  uot  lujrely  those  necessitry  to  beud  the  index  finger,  for 
exumple.  We  must  here  again,  therefore,  assume  a  imth  of 
leii8t  resistance  for  the  propugjitiun  of  nerve  impulses  from  a 
given  liljre  coming  down  fnnn  the  hniin,  to  the  efferent  (ihres 
going  to  a  certain  muscle  or  gnnip  of  musK^les.  The  path 
between  the  two  is  ahnost  certainly  not  direct;  a  co-ordinating 
spimd  centre  intervenes,  and  all  that  the  brain  has  to  do  is 
U>  excite  this  centre,  which  then  secures  tfie  proj)er  muscular 
co-ordination.  If  the  hand  he  laid  flat  on  the  table  and  its 
palm  be.  rolled  over,  many  muscles,  including  thousands  of 
mus^cular  f!!>res,  have  to  coTitmet  in  definite  order  and  serpjence. 
IVrs<um  who  have  not  studied  anatomy  and  who  are  quite 
ignorant  of  the  muscles  to  be  used  can  perform  the  nuivement 
perfectly;  and  even  a  skilled  anatonnst  and  physiologist,  if 
he  knew  them  all  and  their  actions,  could  not  by  conscioua 
effort  combine  them  m  well  tk<  the  cord  dfx\s  without  .such 
direct  interference.  We  Iiave  then  to  look  on  the  cord  as 
containing  a  host  of  co-ordinating  centres  for  dilTerent  uniscleH. 
These  centres  are  put  in  nervous  connection,  on  the  one  hand, 
with  certain  regions  of  the  skin,  and,  on  the  otlier,  with  region:; 
of  the  bmin,  and  may  bo  excited  from  either;  in  the  former 
case  the  movement  is  called  reflex;  in  the  hitler  it  may  be 
reflex,  or  may  be  acoompanicd  with  a  feeling  of  **  will ''  stnd 
is  then  called  vohintary.  Tlie  nu:Jre  accurately  the  required 
centre,  and  no  other,  is  excited,  the  more  definite  and  precise 
the  movement. 

The  Kducmtion  of  the  Cord.  Much  of  what  is  called  edu- 
cating our  toucli  or  our  nniscles  is  really  education  of  the 
spinal  cord.  A  person  who  begins  to  play  tlie  piano  finds  at 
first  much  diniculty  in  moving  bis  fuigers  independently;  the 
nervous  impulses  from  the  brain  to  the  cord  radiate  from  the 
s]iinul  ceTitres  of  the  muscle  which  it  m  demred  to  move,  to 
other-^.  But  with  practice  the  indepentlent  movemeTits  be- 
come easy.  So»  too,  tlie  localizing  power  of  the  skin  can  be 
greatly  increased  by  exercise  as  one  obser^^es  in  blind  per- 
sons, who  often  can  distinguish  two  stimuli  on  partes  of  the 
skin  which  are  so  near  together  as  to  give  only  one  i>en.siition 
to  other  people.  Such  plienomena  dei>end  on  the  fact  that 
the  more  often  a  nervona  impulse  hafl  traveled  along  a  given 
roml  in  the  gray  matter,  the  easier  docs  its  path  become,  and 
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the  less  does  it  tend  to  wander  from  it  into  others.  We 
may  compire  the  gniy  matter  to  a  thicket ;  persons  seeking  to 
beat  a  road  through  from  one  |>oint  to  another  would  keep  the 
sjime  general  direction,  detennined  by  the  larger  obstacles  in 
the  way,  but  all  would  diverge  more  or  less  from  the  straight 
jMith  on  account  of  undergrowth,  tree  trunks,  etc.,  and  would 
meet  with  considerable  difficulty  in  their  progress.  After 
some  hundre<ls  had  passed,  however,  a  tolerably  beaten  track 
would  l>e  nuirked  out,  along  which  travel  was  easy  and  all 
after-comers  would  take  it.  If  instead  of  one  entry  and  one 
exit  we  imagine  thousands  of  each,  and  that  the  imths  between 
certain  have  Iwen  often  traveled,  others  less,  and  some  hardly 
at  all,  we  get  a  pretty  good  mental  picture  of  what  happens  in 
the  i)assage  of  nervous  impulst>s  through  the  gray  matter  of 
the  cord ;  the  clearing  of  *he  more  trodden  path^  answering 
to  the  effects  of  use  and  pnictice.  The  human  cord  and  tliat 
of  the  frog  must  not,  however,  be  lookeil  u}x>n  ns  pathleas 
thickets  at  the  commencement ;  each  individual  iniierits  cer- 
t.;in  paths  of  least  resistance  determine<l  by  the  sf  r-ictnre  of 
llie  cord,  which  is  the  transmitted  material  result  of  the  life 
experiences  of  a  long  line  of  ancestors. 

The  Inhibition  of  Beflexes.  Since  it  is  possible,  as  by 
strychnine,  to  diminish  tlic  resistance  in  the  gniy  matter,  it 
is^coni-eivably  also  p()ssil)le  to  increase  it,  and  fijniinish  or 
prevent  reflexes.  Such  is  found  to  he  actually  the  ease.  We 
can  to  a  ^rreat  extent  control  rellexes  by  the  will;  for  example, 
the  jcrkinir  of  the  nniscles  which  tends  to  follow  tickling:  and 
it  is  found  that  after  a  frog's  hrain  is  removed  it  is  much 
easier  to  <ret  rctlev  a<-tions  out  of  the  spinal  cord.  Certain 
dru;:?*,  as  hroinide  of  nnf;f,>^iiiin  also  diminish  reflex  excit- 
ability. If  a  frojx's  brain  he  removed  and  the  aninmrs  toe  he 
di|)|)ed  into  very  dilute  acid,  it  will  he  removed  after  a  few 
seconds;  the  time  elapsin;:  between  the  immersion  and  the 
liftin^^  of  the  foot  is  known  as  the  rellex  time;  anything 
diminishing  rellex  excitability  increases  this,  a.s  the  stimulus 
(whii'h  has  a  cumulative  effect  on  the  centre)  has  to  act  longer 
before  it  arouses  tlu'  cord  to  the  discharging  point.  If  the 
sciatic  nerve  of  the  other  leg  he  stimulated  while  the  toe  is  in 
tlie  acid  the  reflex  time  is  increased,  or  the  reflex  may  fail 
entirely  to  appear.  This  is  one  case  of  a  general  law,  that 
V  any  powerful  stimulation  of  one  sensory  nerve  tends  to  in- ' 
\  hibit  orderly  reflexes  due  to  the  excitati(m  of  another.      A ' 
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commnn  exumple  is  the  well-known  trick  of  piitdiing  the 
not^e  or  n|i|>er  \\\v  to  prevent  a  sneeeze,  Tlie  whole  f|ue.stion 
of  retlex  inliibition  is  itt  pre,sent  very  ol^enre.  It  may  be  due 
to  the  excitation  of  8i>eciiil  flhi^s  whii'b  inliihif  reflex  centres, 
m  the  fibres  of  the  depressor  nerve  ilo  the  tu-tivity  of  the  wim- 
constrictor  centre;  or  to  the  fael  that  one  nerve  impulse  in 
the  cortl  in  some  ciiseti  blocks  or  interferes  with  another;  or 
partly  to  both. 

Psychical  Activities  of  the  Cord.  Since  we  can  get  r|nite 
niiirkeJ  refiex  movements  in  tin*  luwer  jmrt  of  the  Body  of  a 
nnui  whose  cord  is  divided  and  who  cannot  voluntarily  move 
his  lower  limbs,  and  on  questioning  him  find  that  he  feels 
nothing  and  is  rpute  ignorant  of  his  movements  unless  he  sees 
Jus  legs,  it  u  most  probable  that  the  s[>ina]  fiird  in  all  cases  is 
devoid  of  centres  of  consrionsness  and  voliti*>n:  this  is  not 
certain,  however;  for  there  nught  well  be  a  less  division  of 
physiological  hd>or  between  the  cord  and  brain  of  a  frog,  than 
between  those  of  a  man.  Still  we  are  entitled  to  good  evi- 
dence  before  we  admil  that  things  S4>  similar  as  the  human 
cord  and  that  of  the  frog  |x>ssesses  different  properties,  C'o- 
ordinated  movements  foOowing  a  given  stimulus,  or  cries 
emitted  by  an  aninud,  will  iu)t  suffiee  to  prove  that  it  is  con- 
scious, siiux?  we  know  tliese  may  uccur  entirely  niu^onsciously 
in  men,  who  alone  caji  tell  us  of  their  feelings.  We  must 
look  for  something  that  resembles  actions  only  done  by  men 
coiiseionsly.  In  the  frog  it  has  been  maintained  thai  we  biive 
evidence  of  such.  If  a  bit  of  av-idulated  pajier  be  put  on  tfie 
thigh  of  a  decapitated  frog,  the  animal  will  bend  its  knee  and 
use  its  leg  to  brash  off  the  irrititnt;  always  using  this  same 
leg  if  the  stimulus  be  not  so  strong  as  to  ])roiluce  dism'derly 
reflexes.  If  now  the  foot  he  tied  down  so  that  the  frog  can- 
not raise  it,  after  a  few  ineffectmd  efforts  it  will  move  the 
other  leg,  and  may  wipe  the  pajier  off  with  it.  This  it  haa 
been  said  shows  a  true  psyehieal  activity  in  the  cord;  a  con- 
eeious  and  voluntary  employment  of  new  prm^ednres  under 
nnusmd  circumstiiuces.  Hut  a  close  observation  of  the  phe- 
nomenon shows  that  it  ./ill  hardly  bear  this  interpretation; 
the  movements  of  the  other  leg  are  very  irregular  and  inco* 
ordinate,  and  much  resemble  reflex  convnlsions  stirreil  up  by 
the  proloTiged  action  of  the  acid,  which  goes  on  stimulating 
the  skin  nerves  more  and  more  powerfully.  Even  if  new 
musetes  came,  in  an  orderly  way,  into  play  under  the  stronger 
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Btiniulus,  that  would  not  prove  a  volitional  conscious  use  of 
them;  we  see  quite  similar  phenomenon  when  tliere  is  nothing 
piir|K)se-like  in  tlie  movement.  Many  dogs  reflexly  kick  vio- 
lently the  hind  leg  of  the  same  side  when"()ne  Hklik  IS  tickled. 
If  this  leg  he  held  and  the  tickling  continued,  very  frequently 
the  opi>o8ite  hind  leg  will  take  on  the  movement^?,  which  it 
never  does  in  ordinary  circumstances.  This  is  quite  compar- 
able to  the  frog's  use  of  its  other  leg  under  the  circumstances 
above  descril>ed,  but  here  it  would  be  obviously  absurd  to  talk 
of  a  volitional  soun'e  for  such  a  senseless  movement. 

Keflex  Time.     This  is  the  time  elapsing  between  the  stimu- 
lation of  a  sensory  surface  and  the  resulting  reflex  contraction 
of  a  nuiscle.     It  contains,  of  course,  several  elements — the 
time  taken  in  the  origination  and  afferent  course  of  the  nerve 
impulse,  the  time  occupied  in  the  centre,  and  that  in  the 
efferent  nerve-fibres,  and  the  i>eriod  of  latent  excitement  of 
the  nuiscles.     Since  the  rate  of  travel  of  nerve  impulses  and 
the  time  of  latent  excitement  are  known  with  tolerable  ac- 
curacy they  can  l)e  estimated ;  and  their  sum  subtracted  from 
the  whole  time  gives  the  time  taken  up  in  the  central  organ. 
This,  as  might  be  exixH'ted,  when  we  consider  the  highly 
complex  nature  of  tlie  procc^sses  re(|uired  to  produce  a    <*o- 
onliiiati'd   rctlcx   niovcnuMit,    is   very  much   greater   than  the 
time  occiipii'd   in  traviTsiiiu  an  equal  length  of  nerve  trunk. 
An  clrrtrio  sliork  given  to  one  eyelid  causes  a  reflex  wink  of 
hoth,   and   by  suitable  apparatus   the  time   lapsing    between 
stiiniilatiou  of  one  eyelid  and  movement  of  the  other  (\in  be 
nu»asiire(l.     It  is  about  .<>^]^>  see. ;  the  calculated  time  for  the 
passa^re  of  the  aiTerent  impulse  to  the  (*entre  in  the  gray  matter 
of  the  fourth  ventricle  and  (►f  the  eiTerent  to  the  orbicularis 
mnsch»  of  the  other  eyelid,  or  the  ])erio(l  of  latent  excitation, 
is  about  .OIGO  sec.,  leaving  .OoOO  sec.  for  the  central  processes. 
Keflex  time  varies  considerably.     It  is  longer  for  more  com- 
plicateil  reflex  movements;  also  tlie  strength  of  the  stimulus 
lias  an  influence;  if  one  toe  of  a  decapitated  frog  be  immersed 
in  very  dilute  acid   the  time  which  elapses  before  it  is  with- 
drawn is  greater  tluin  when  the  acid  is  a  little  stronger. 
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Tlie  Fimotioae  of  the  Brain  in  G-eneral.  TIr>  Ixmin,  at 
least  in  t»iiui  atni  the  ljight*r  aiiimul^^  is  thv  s^out  of  roiisfioiia- 
nesi?  and  iiitelligenfe ;  these  Llisajjr^jear  wfien  its  hluodzMPl^h' 
is  cut  olf,  ti&  in  fumtiug;  pjiinsj^re  \m  purt^  of  it,  as  by  a  tumor 
or  by  aD  effusiou  of  hk»od  in  apoplexy^  ha^  the  same  result; 
mfiaoiHiiitffm  of  it  causes  delirimTi ;  and  when  the  cerebrul 
henaspliures  are  iinnsually  small  idiot* w  k  observed,  Tlie 
brain  has,  however,  many  other  important  functiona;  it  is  the 
Beat  of  many  reflex,  automatic,  and  co-ordinating  centres, 
which  can  act  as  entirely  apart  from  conscion8ne8s  m  those 
of  tlie  spinal  cord.  It  is  also  tmversed  by  many  fmtbs  of  ccm- 
ductioo,  some  uiutiog  it  with  the  spinal  cord  and  numerous 
others  putting  its  own  parts  in  anatomical  connection. 

The  p*ycb*€»h*<*t4vitie8,  at  least  in  man,  seem  to  he  depend- 
ent on  the  foF^hmin,  the  r^  of  the  complex  mass  having 
other  non-mental  functions  or  at  most  being  only  concerned 
in  very  sini|ilc  mental  states.  After  the  cerebral  bomispherea 
have  been  removed  fr(*m  n  frog  it  is  still  able  to  perform  every 
movement  ha  before,  bnt  it  no  longer  jierforms  any  spontane- 
onsly.  Suitably  stimulated  it  will  leap,  swim,  crawl,  climb, 
turn  off  lU  back  to  its  normal  position ;  and  if  the  optic  thalami 
have  not  lieen  injured  will  in  lenping  forward  avoid  im  oh- 
Btacle  placed  between  it  and  the  light.  Its  whole  essential 
mechanism  of  movement  is  clearly  irdact,  and  C4in  be  thrown 
into  action  and  to  a  certain  exU^nt  be  guided  by  liferent 
nervous  impulses.  Quite  similar  phenomena  may  be  observed 
in  pigeons;  they  not  only  can  stand,  bnt  walk,  fly  if  thrown 
into  the  air,  and  preen  their  fuatbers,  after  removal  of  the 
cerebml  hemispheres;  and  if  carefully  tendeii  will  live  for 
months.  Mammals  bear  Imdly  extensive  ojierations  on  ths 
forebrain  and  usnally  die  before  fully  recovering  from  the 
fihoi?k  of  the  ojieration;  bnt  ri^  survive  some  hours,  and 
then  exhibit  very  similar  phenomena.     However  it  has  been 
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possible  by  repwi^f^l  o]x»nitioiis,  taking  away  only  a  jMirt  at 
a  tiiiHs  to  sucressfully  remove  almost  all  the  surface  ^rniy  matter 
of  the  cerebnil  hemispheres  from  d^fpfr;  and  the   animals  have 
recovertnl  so  as  to  jH?rform  many  ordinary  movenieuts  so  well 
that  a  jwrson  observing  them  only  for  a  short  time  would 
notice  nothing  abnormal.     But  in  such  ctises  not  only  some 
cerebral  cortex  has  been  left  but  also  the  deeper  lying  corpora 
striata  and  optic  thalami:  wlien  these  gray  masses   and  all 
the  cerebnd  cortex  are  removed,  as  is  iK)ssible   in  fro^rs  and 
birds,  the  animal  does  not  move  unless  directlj'  stimulated^ 
or  so  nirely  that  movements  which  ap}>ear  due  to  a  8}x>ntane- 
ous  voliticm  are  probably  due  to  some  unobserved  irritation  or 
stinnilation.     In  addition  to  loss  of  willed  movements  there 
is  loss  or  nearly  comjdete  loss  of  pt^rreption^  that  is,  of  the 
jK)wer  of  mentally  interj>reting  and  giving  a  meaning  to  in- 
coming nervous  impulses.     The  }>igeon  or  rat  will  start  at  a 
loud  noise,  but  make^  no  attemj)t  to  escape,  as  if  it  conceived 
danger;  it  will  follow  a  light  witli  the  eyes  but  make  no  at- 
tempt to  escai>e  from  a  hand  stretched  out  to  seize  it;  it  can 
and  doi»s  swallow  fcxnl  placed   in  its  mouth,  but  will   starve  if 
left  alone  with  })lenty  of  it,  the  sight  of  edible  things  seeming 
to  arouse  n<>  idea  or  conception.     It  has  been  doubted  whether 
the  animals  have  any  true  sensations;  they  start  at    sounds, 
avoid  ojKHine  o]>jects  in  their  road,  and  vry  when  ])incluHl ;   but 
all  these  may  be  unconseious  reflex  acts:  on  the  whole  it  seems 
more  |M-oi)al)le,  li(>wever,  that  they  have  sensations   but   not. 
percept i4»us;  they  feel  redness  and  blueness,  hardness  and  soft- 
ness, and  so  on;  but  sensiitions,  as  already  ])ointed   out,  tell 
in  themselves  nothing;  they  are  but  signs  which  have  to  l>e 
mentally  inter|>reted  as  indications  of  external  objects  or  of 
conditions  of  the   Body:  it  is  this  interpreting  power  which 
seems  delicient   in  the  animal  deprived  of  its  forebrain.      In 
some  eases  a  like  state  api>ears  to  oeenr  in  man  in  connection 
with   id)nonnal   states  of   parts  of  the  cerebnd  hemispheres. 
TIk^  ])ati(Mit    may  have  eye,  retina,  opti(^  nerves  and  all    the 
endings  of  these  in  the  optic  thalami  and  corpora  quad rigemina 
intact,  and   his  ])ii])ils  react  to   light,  and   the  eyes  follow  a 
bright  object,  yet  the  object  arouses  in  the  patient  no  idea  as 
to  its  nature:  apparently  he  sees  it,  but  he  is  mind  hlimL 

The  Medulla  Oblongata.  Lying  on  the  ventral  aspect  of 
this  (Chap.  XII)  on  the  sides  of  the  continuation  of  the  anterior 
fissure  of  the  cord  are  the  two  masses  of  nerve-fibres  known 
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U8  tlie  (litfrriiif  jtf/rumids:  most  of  the  fibres  nf  these  are  con- 
timiutioHs  of  the  pvnuiiidu!  tracts  of  the  oord  inul  liere  cross 
tlie  iiiiildle  line,  foniiiiit^  thus  the  (kcumaiion  vf  (he  pyramids, 
Tlie  fibriisof  the  dirwt  pyniiiuil*il  tmet  pass  on  in  the  pyramid 
of  the  wuiie  dAt\  <nily  cros-wtng  iu  thu  cord.  The  pyramidHl 
llbres  psLss  on  throiigli  the  ]h>iis  Varolii  and  along  tlie  ventral 
or  bitsal  side  of  the  eruni  cereliri  (Fig.  ITC),  and  entt^r  the 
eerebral  hemispheres.  In  the  uwhIthIIh  are  a  niiniher  of  nnisses 
of  ^uy  matter  (often  named  nw_*lei)  which  have  the  same 
r*4atiun  Uv  the  motor  lihres  of  oruuial  nerves  as  areas  of  ;,^ray 
matter  in  the  cord  have  to  t!ie  motor  tihres  of  thespiiiid  roots, 
and  from  these  motor  nuclei  merlnlhited  fihresE  joii*  thu  pyr- 
aun'ds  and  g^o  with  them  into  the  forehrain,  JSueli  Iihres  of 
asL'eJuliug  degenem  I  ion  in  the  cer44»t4lar  tract  of  the  cord  and 
of  the  asceiuimg  tiTitw>4rtter^l  tnict  as  extend  ahove  the  cord 
run  on  the  dorsal  side  of  themcdulla  oblongata  as  the  rtHtiifurm 
htHiit's  ;  tliey  diverge  in  front  so  as  to  lie  oti  the  sides  of  the 
ffHirth  ventrirle  smd  enler  the  certiWUum.  The  fibres  of  tlie 
post+^rior  nie<lian  eohinni  lenninate  in  a  nniss  of  gray  nnttter 
in  tln^  medulla  know^n  n&  the  niickuji  ^'juUlts :  those  of  the 
exterior  nu'dian  column  in  a  similar  nud^mt*  m$nmdue.  These 
nuclei  in  turn  give  oiijifwi  to  uiany  fibre»,  a  large  number 
crossing  the  middle  hue,  and  some  of  these  are  then  cotitinued 
as  \\\ii  J^^trf  along  the  doiisal  side  of  the  crus  cerebri  to  the  fore 
bmin;  otliers  join  the  re^iitetii  body  and  through  it  theriJ^Xu^^^t^l 
oiiposite  aide  of  the  f^er^MiynK  these  eroH.>^ings  eouHtituie 
the  s4iMiitni9f-f^}UMJudioti^  as  tlistiuguisbed  from  the  pyramidal 
or  motor.  The  fibres  of  the  antero-Iatend  descending  tract 
which  do  Tiot  undergo  descending  degenenition  profiably  join 
the  pyramids;  all  tlieir  fibres  entering  the  medulla  from  the 
coril  end  in  gray  matter  of  the  medidla.  By  the  w^ord  "  tmd- 
ing  "  is  meant,  of  couri;^,  only  tliat  they  cannot  be  further 
traced  as  individual  fibres,  not  that  no  physiological  represen- 
tatives of  them  arise  in  the  gniv  matter  of  the  mednlla  and 
pass  to  other  parts  of  the  brain. 

The  central  canal  of  the  spinal  cord  passes  (Chap.  XII) 
into  the  medulla  oblongata,  in  the  anterior  |K>rtion  of  which  it 
expands  to  fonn  the  fourth  ventricle.  The  gwyTnatter  of  the 
e4>«Hs  cnwrrmred  around  the  canal  and  on  the  floor  and  sides  of 
the  ventricle;  and  in  connection  wnth  it  are  special  thickenings, 
rich  in  nerve-cells  forming  the  nn^Tn  or  d^rp  origins  of  most 
of  the  4!HpmHAi*4Mrv«s :  some  of  these  nerves  arise  from  more 
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than  one  nucleus  and  some  of  the  nuclei  are  separated  from 
the  gray  matter  around  the  central  cavity,  but  a  minute  ana- 
tomical description  would  be  here  out  of  place.  The  olivary 
/-apifuleSy  however,  placed  in  the  olivary  bodies  which  lie  on 
the  outer  side  of  each  anterior  pyramid  may,  howerer,  be 
mentioned.  The  nenes  having  their  nuclei  in  the  medulk 
oblongata  are  the  hyiK>glossal  (xii),  the  spinal  accessory  (xi) 
except  its  spinal  portion,  the  vagus  (x),  the  glossopharyngeal 
(ix)  (some  fibres  of  which  |)erhaps  come  from  the  cord),  the 
auditory  (viii)  (by  two  distinct  bundles  of  fibres,  cochlear 
and  vestibular,  connected  with  distinct  nuclei),  the  facial 
(vii),  the  patheticus  (vi),  imrt  of  the  trigeminal.  Some  of 
the  trigeminal  arises  from  gray  matter  in  the  corpora  quad- 
rigemina.  The  nucleus  of  the  abducens  (iv)  lies  just  under 
the  floor  of  the  a<iueduct  of  Sylvius  (Fig.  176),  opposite  the 
posterior  border  of  the  anterior  corjwra  quadrigemina.  The 
oculo-motor  (in)  arises  from  gray  matter  under  the  front 
of  the  aqueduct  and  from  the  posterior  part  of  the  third  ven- 
tricle. All  the  fibres  of  tlie  above  ten  iierves  arise,  then, 
from  gray  matter  around  the  cerebral  continuation  of  the  gray 
matter  of  the  cord,  and  most  of  tliem  beliind  the  midbnun. 

Besides  its  functions  as  affording  patlis  between  the  cord 
and  tlio  H'st  of  tlu*  l)rain  and  us  tlie  seat  of  many  r^la^  and 
junction  cent  res  the  nuMlulla  lias  important  ivfli»\  and  antO=^ 
matic  activities.  As  in  the  ease  of  the  cord,  its  motor  centres 
may  l)e  thrown  into  reflex  activity  by  afferent  impulses  from 
below,  as  well  as  by  efferent  t ravel lintj  down  from  cerebrum 
or  eerebelluin.  It  is  es|)eeially  concerned  with  nervous  con- 
trol of  the  or<T:ans  more  immediately  connected  with  circu- 
lation, rcfqiimtioii,  and  n»«*»l-H^tton.  The  physioh»gical  action 
of  most  of  the  medullary  coutrt^s  has  already  been  described; 
the  more  ini|)ortant  are — 1.  'i'he  respiratory  centre.  2.  The 
cardio-iidiibitory  centre;  the  c(»ntn»  of  the  accelenitor  heart- 
fihres  lies  in  the  nuMhilla.  '->,  The  vaso-motof  centres.  4. 
The  centre  for  the  dilator  mnsele-fihres  of  the  pupil.  .5. 
The  centre  for  the  muscles  of  chewing  and  swallowing,  which 
are  comnioidy  thrown  into  action  reflexly,  though  they  may 
])e  made  to  contract  voluntarily.  0.  The  convulsive  centrt\ 
7.  1'he  diabetic  centre.  S.  The  centre  reflexly  exciting  activ- 
ity in  the  salivary  glands,  when  sensory  nerves  in  the  mouth 
are  stinnilated.  \).  Vertain  centres  for  complex  bodily  move- 
ments; an   animal  witli    its   medulla  oblongata   can    execute 
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much  more  complicated  reflex  acts  thiin  one  with  its  si>inal 
cord  alono. 

The  Cerebellum  and  Pons  Varolii.  (Figs.  74,  75).  The 
anterior  part  of  the  nunhillit  obloiigiita  m  covered  ubove  by 
the  cerebellum  and  below  by  the  j***»6,  the  ktter  of  whieb  18 
maiiily  a  tniiigvejse  cammife^ure  uniting  the  beniispheres  of 
the  eerebellnni,  thougli  the  pyrumitlal  mid  other  loTrgrtrnthrol 
eonimiiiJiuriil  tibres  run  thruuglt  it;  and  in  it  are  many  gray 
U]j£lai,  Tbe  kafrr^  of  the  cerebellum  are  also  nnitetl  witit>- 
one  aiiother  by  trunii^verse  fibres  of  its  middle  lobc^  and,  be- 
hind, by  tbe  poskrior  pedunchH  WTttr^t?i^~TeFtifnnn  Ijodie^ 
and  thii  metluUa,  and,  in  front,  by  tbe  oidpiwr  peduHvle^y 
with  tbe  ccrebrtHH.  Beside.s  its  gray  surface  with  small  ner\*e- 
cells  and  the  cells  of  FTTf4ii*j«  (Fig.  82)  it  contains  otlier 
more  central  gray  nuUter.  Tbe  mm\  striking  anatomical  fact 
in  relation  to  the  cerebellum  is  its  close  connection  with  the 
atTerent  t)!H  t^  ^^\  iIm  -pnhd  imd,  nearly  all  of  which  except 
\\m  iiluvtt  irf  [lie  tilUt  suv  ^mly  ronnecteil  with  tbe  ccrebiiim 
UlsagiL  the  interventi«*n  of  tbe  cgroliclUjm.  Tbe  mm^  is  tnie 
of  tbe  vestibular  portiim  of  tbe  aliTlTtory  nerve  iiml  ]>robabIy 
also  of  moi«t  of  the  afferent  fibres  of  all  the  |ui*itt^rk>F  ttiaiiial 
nerves.  The  cerebellum  is  thu«  subjected  to  influences  from 
many  regions  of  the  Body;  the  skin,  tbe  muscles,  the  ears,  and 
](robably  also  the  eyes  are  sources  of  impulses  streaming  into 
it  all  tbe  time*  and  modifying  the  conditions  of  its  gray  matter 
and  tbe  nature  of  the  inipnlses  in  turn  issued  from  that.  Tlie 
mast  marked  result  of  extensive  injury  of  the  cerebellum  is 
mnecidar  ineo-ordination;  it  seems  to  be  a  chief  organ  of  what 
W6  may  call  personal ly  acq u iriLd  refisxej^,  iis  distinguished  from 
inlierited. 

Every  one  has  to  learn  to  stand,  walk,  nin,  and  so  *)n ;  at 
first  all  are  ditticiilt,  but  after  a  time  become  easy  and  are 
performed  unconsciously.  In  standing  or  walkiiig  very  many 
muscles  are  coneenieti,  and  if  tlie  mijd  bail  all  the  time  to 
look  directly  after  them  we  could  do  nothing  else  at  the  same 
time;  we  have  forgotten  how  we  learnt  to  walk,  but  in  ac- 
(piiring  a  new  mode  of  jn-ogression  in  later  years,  as  ftktttmg, 
we  find  that  at  first  it  needs  all  our  uttpuiinn,  but  when  once 
leanit  we  have  only  to  start  the  series  of  movements  and  they 
are  almost  inicons(*iously  carried  on  for  na.  At  first  we  had 
to  lenrn  to  contmct  certain  muscle  groujis  when  we  got  par- 
ticular sensationsj  either  tactile,  from  the  soles,  or  muscular, 
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from  the  gencnil  |)osition  of  the  limbs,  or  visual,  or  otheis 
(equilibrium  sensations,  see  below)  from  the  semicircular 
canals.  But  the  oftener  a  given  group  of  sensations  ha&s  been 
followed  by  a  given  muscular  contraction  the  more  close  be- 
comes the  association  of  the  two;  the  patli  of  connection  be- 
twtHjn  the  alTerent  and  efferent  fibres  becomes  easier  the  more 
it  is  travelled,  and  at  last  the  afferent  impulses  arouse  the 
proper  movement  without  volitional  interference  at  all,  and 
wliile  hardly  exciting  any  consciousness;  we  can  then  walk  or 
skate  without  thinking  about  it.  The  tttJI,  which  bad  at  first 
to  excite  the  proper  mn!H.Milar  nerve-centres  in  aoeer4auce  with 
the  felt  directing  nenrations,  now  has  no  more  trouble  in  the 
matter;  the  afferent  impulses  stimulate  the  proper  motor 
centres  in  an  unconscious  and  unheeded  way.  Injury  or  dis- 
ease of  the  cerebellum  produces  great  disturbances  of  locomo- 
tion and  insecurity  in  maintaining  various  jwstures.  After  a 
time  the  animals  (birds,  which  bear  the  oi)eration  best)  can 
walk  again,  and  fly,  but  they  won.  become  fiUigued,  probably 
becjuise  the  movements  require  close  ^"*"*  ■^— "^^^"tiiin.  and 
direction  all  the  time. 

Sensations  of  Equilibrium.  In  onler  to  make  proper 
movements  of  balancing  or  locomotion  we  need  a  knowledge 
of  tlic  space  R'lations  of  tlic  Hody  to  its  surroundings.  When 
e\(}^^  niuscK's,  and  skin  send  in  concordant  afferent  impulses, 
niovcmcnts  are  ])n*('isc;  if  sciisiitions  of  any  one  of  these  groups 
arc  wanting  (excluding  blind  j>crsons  who  have  learned  to  ilo 
witliout  some  of  them)  or  abnormal  tlie  whole  mechanism  is 
tlirown  out  of  g(»ar.  Torsons  who  have  lost  nniscular  or  tactile 
sensibility  stand  and  walk  with  diftieulty;  those  who  have 
Nf/sffff/tNtfs  (jerking  unconscious  movements  of  the  eyeballs 
which  cause  the  visual  field  to  seem  to  move  in  space)  do  the 
same  and  feel  gid<ly;  and,  if  a  ])erson  be  rapidly  rotated  with 
his  eyes  open  lie  soon  becomes  giddy;  the  succession  of  retinal 
images  suggests  that  he  is  moving  in  space,  but  the  muscular 
and  tactile  afferent  im])nlses  are  in  04>nflirt  with  that;  and 
thougli  this  discordance  Jiardly  comes  into  direct  consciousness 
a.s  a  definite  contradiction  between  sensiitions,  the  wan^  of 
harmony  in  the  afferent  impulses  throws  co-ordinating  motor 
mef^hanisms  out  of  gear,  with  resulting  uncertainty  in  loco- 
motion. Aji  important  group  of  afferent  impulses  concerned 
with  the  nuiintenancc  of  bodily  equilibrium  in  addition  to 
those  above  referred  to  is  probably  derived  through  the  i 
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ciTcrrkr  caimls  of  the  eor,  which  are  supplied  by  tiie  vestibnlar 
j>ortioM  of  the  iiuditory  nerve;  and  it  lias,  jus  we  have  seen,  a 
special  cerebellar  eoaiiectiou.  An  old  view  was  that,  lying 
in  tliree  planes  at  right  angles  to  one  another,  they  sensed  to 
distingiiisli  the  diret*tion  of  sound-waves  reaching  tlie  ear;  but 
as  the  direction  of  oscillation  of  the  tympaiuu  osstclei?  is  tlie 
mmey  no  matter  wliat  that  of  the  8ound-waves  entering  the 
external  auditory  meatus  may  ha^  such  an  hypothesis  has  no 
foundation.  The  cochlea  sufficiently  accounts  for,  tlie  appre- 
ciation of  notej^,  and  such  noises  as  are  due  to  itdiarmonically 
combined  tones;  while  the  sacculus  will  suflice  for  other 
noises:  and  it  is  found  that  disease  of  the  semicircular  canals 
does  not  interfere  with  hearing,  but  often  causes  uncertiunty 
of  movcnients  and  feelings  of  giddiness. 

Experiment  shows  that  cutting  a  scmtcircnlar  canal  m  fol- 
lowed by  violent  movements  of  the  head  in  the  plane  of  the 
canal  divided;  the  animal  staggers,  also,  if  made  to  walk; 
ami,  if  a  pigcou  and  thrown  in  hi  tlie  air,  ninnot  tly.  All  its 
muscles  can  contract  m  fH?forc,  but  they  are  no  longer  so  co- 
ordinated tis  to  enable  the  aninud  to  maintain  or  regiun  a 
position  of  ecjuilibriiim.  It  is  like  a  creature  suffering  from 
-prWrnFfls;  and  similar  phenomena  follow,  in  man,  electrical 
stimulation  of  tlie  regions  of  the  skull  in  which  the  semicir- 
cnlar  canals  lie. 

If,  moreover,  a  person  lie  ]ierfectly  fjuiet  witli  closed  eyes 
on  a  i»We  which  can  l>e  i**ttited,  he  is  able  to  tell  when  the 
table  is  turned  and  in  wbicli  direction,  atid  often  with  con- 
siderable accunicy  through  wliat  angle.  If  the  rotation  be 
continued  for  a  time  the  feeling  of  it  is  lost,  and  then  when 
the  m4>vement  ceases  there  is  a  sense  of  rot^ttion  in  the  oi*ikv 
site  direction.  In  such  case  neither  tactile,  muscular,  nor 
visual  sensations  can  help,  and  in  the  stymie ircnlar  canals  we 
Beem  to  have  a  mechanism  through  wdncli  rotation  of  the  head 
could  give  origin  to  alTcrcut  impulses,  whether  tlic  head  l>e 
passively  moved  with  the  rest  of  the  Body  or  independently 
by  its  own  muscles.  Movements  of  endolymi»b  in  relation 
to  the  walls  of  the  canals  may  act  as  stimuli  by  causing  a 
swaying  of  the  projeeting  haii-s  of  the  ampullar  (Fig,  lOT). 
Place  a  few  small  bits  of  rork  in  a  ttimbler  of  water,  and  rotate 
the  tumbler;  at  first  the  w^ater  does  not  move  with  it;  then  it 
begins  to  go  in  the  same  direction,  but  more  slowly;  and, 
finally,  moves  at  the  same  angular  velocity  as  the  tnmltler. 
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Then  stop  the  tumbler,  and  the  water  will  go  on  rotating  for 
some  time.     Now  if  tlie  head  be  turned  or  rotated  in  a  hori- 
zontal plane  similar  phenomena  will  occur  in  the  endolymph 
of  the  horizontal  canal;  if  it  be  l)ent  sidewise  in  the  Tertical 
plane,  in  the  anterior  vertical  canal;  and  if  nodded,  in  the 
|)08terior   vertical;  the  hairs  moving  with  the   canal    would 
meet  tlie  more  st^itionary  water  and  be  pushed  and  so,  possibly, 
excite  the  nerves  at  the  deep  ends  of  the  cells  which  bear 
them,  and  genenite  afferent  impulses  which  w411  cause  the 
general  nerve-centres  of  bodily  equilibration  to  be  differently 
actetl  u^wn  in  each  case.     Under  ordinary  circumstances  the 
results  of  these  impulses  do  not  become  prominent  in   con- 
sciousness as  definite  sensations;  but  they  ai*e  probably  always 
present.     If  one  spins  round  for  a  time,  the  endolymph  takes 
up  the  movement  of  the  canals,  as  the  water  in  the  tumbler 
does  that  of  the  glass;  on  stop})ing,  the  liquid  still  goes  on 
moving  and  stinnilates  the  hairs  which  are  now  stationary; 
:  and  we  feel  giddy,  from  the  ears  telling  us  we  are  rotating 
r  and  tlie  eyes  that  we  are  not ;  hence  difficulty  in  standing 
erect  or  walking  straight.     A  common  trick  illustrates  this 
very  well:  make  a  iwjrson  place  his  forehead  on  the  handle 
of  an  umbrella,  the  other  end  of  which  is  on  the  floor,  and 
then  walk  tlirec  or  four  times  round  it,  rise,  and  try  to  go  out 
of  a  door;  lie  will  nearly  always  fail,  being  unable  to  combine 
his  muscles  ]>roperly  on  account  of  the  conflicting  afferent 
imjuilses.     This  and   the  feelin<r  of  rotation  in  the  contniry 
flirectiou  when  a  })revious  rotation  ceases  become  rea<lily  intel- 
ligihh'  if  we  sui)])ose  feelings  to   he  excite<l  by  relative   move- 
ments of  tlie  endolympli  and  the  canals  inclosing  it. 

The  Midbrain.  The  general  arrangenient  of  these  parts 
liJis  been  already  described  (Fig.  S'-^).  Cross-scH'tions  sliow 
(Fig.  ITC))  the  aque(luct  of  Sylvius,  S,  traversing  tlie  mid- 
brain near  its  u])]>er  ]>art  an<l  surrounded  by  a  thin  layer  of 
gray  matter,  in  close  connection  with  which  are  the  origins 
of  tlu^  third  and  fourtli  cranial  nerves,  iv,  and  of  part  of  tlie 
fifth.  The  crura  cerebri  form  the  main  mass  of  the  midbrain. 
Kacli  is  divided  hy  gray  matter  [hn'us  ni(ici\  Ln)  into  a  ven- 
tral ])ortion  {pe.^  or  rrtfsfd,  P),  which  forms  the  semicyliii- 
drical  jmrtion  of  the  cms  seen  on  the  base  of  the  brain  and  a 
dorsiil  portion,  the  frr/mrtiffntf,  7//.  The  ])es  consists  mainly 
of  the  fibres  of  the  pyramidal  tract,  Pf/,  l)ut  some  fibres  of  the 
fillet,/,  also  run  forward  in  it,  us  do  fibres,//-  and  or,  connecting 
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it  with  the  fronUiI  and  oeeipitjil  lobes  of  the  cerebml  berriigphere* 
The  teginentiiTii  <^'oiituin!?  ^rny  nuisHcs  and  inuny  tnmsverse 
nm]  lno|ritudinul  tilirt's.  Mtmy  uf  the  filire^,  cjjy  roine  from  the 
anterior  pedum-le  of  the  ceref^ellum ;  tliese  cross  in  the  pos- 
terior part  uf  TFie  tegmeiitoni;  inos^t  of  them  eml  in  ti  large 
miisfi  uf  gniy  niattur  in  the  front  of  the  tegnientnni  njuoed  the 
refi  Hifcii'tfs  :  citlit-rs  run  forward  to  l\w  opik'  thuliiinus  djrt*ct. 
Other  longitndinal  fibres  ure  t-oiitiiined  frum  the  fillet  some  of 


(UmmSu^ 


Flo.  170, — DlArrftxn  of  crosM-'Mi'etinti  uT  nildhriin  in  rf>|r'(oti  of  prvRU-rior  oarpor* 

f/i  iliflit  e**!!!*!*  qillldrig^'mlmiiiu  In  Oi**  |k^  'tu  l^ft  »iUr  m>*  fiMJiriitH4t  by  /r,  flhrf^ 
fmin  rmiital  lub-^  of  curehral  liernjspht»rt*:  /.  ^tir**?*  of  flll»*l:  pff,  flhre*  of '|>>  rutiiJ'tiLl 
truot ;  t»r,  flhre*^  fr*»m  t,»cchtriAl  lob»^  of  ot^rt* bral  lif i[ii«|ili«M'r'.  lit  tt^i^niimta]  i>nrioti. 
Z'*  flllt^t  iVbrv*  u>  aiili^H..r  i^nrpiiH  qtiaj^Jrti^eiiiliiiiiii :  /',  flJIiM  f1bre«  for  p<jt»terlor 
C4>r|iiisqij«4iigreiiiiniiiii ;  r/K  niiir»'^  from  oprebeUar  |t>eiittriel<*.  Pihrt«  containing  fTtty 
u«TVfi  matter  mre  tihuded  in  hoHxootaJ  Hoes. 


these,/",  eTid  in  thu  posterior  corpora  qua^lri^eniina;  others, 
J^j  in  tiie  sn|ierior  coriwini  f|iiadrigenumi  iind  the  ocripitjil  re- 
gion of  the  eert^brul  bemisphereH,  The  coriwira  *piiwlrigeniina 
are  covered  by  a  layer  of  medii Hated  fibres,  bnt  their  niuiii 
ismm  is  gray  matter.  The  [interior  piiir  are  chjR^ly  connected 
with  the  optic  tnix't**,  and  therefore  with  the  optic  nerves  and 
the  retinuks:  to  their  onter  sides  and  in  front  are  the  extenial 
corpora  {fenivukUa^  gray  ina^eB  closely  associated  with  the 
optic  tracts. 

The  strnctnre  of  the  imtibnriii  shows  thai  it  is  in  great  part 

merely  a  oomiit mmx rg  i>e t w t^e 1 1  the  parts  in  front,  of  and  behirjd 

j^it:  hut  its  connection  with  fibres  of  the  ^4itit^-4ract  shows 

'  that  it  has  a  ch)se  relation  to  visual  sensjitions;  and  the  origin 

in  it  of  tlie  aaulo'iiiotor  und  ab4u*»4»*i#-t*tfrve8,  tluit  from  it  the 

eye  muscles,  and  the  iris  and  ciliary  muscle  are  innervated. 
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The  Brain  Regions  in  Front  of  the  Midbrain.  It  would 
be  quite  a  hopeless  task  to  attempt  in  a  few  jiages  any  detailed 
account  of  tlie  topogni}>hy  of  these,  but  in  addition  to  the 
facts  already  state<l  a  few  i>oints  of  s|)ecial  physiological  signifi- 
cance may  be  indicated.  These  portions  of  tlie  brain  niav 
be  in  general  described  as  consisting  of  three  masses  of  gray 
matter  on  each  side ;  optic  thalamus,  corpus  striatum,  cerebral 


Fio.  ITT.— Diagram  to  illustrar»»  o<»i>»brnl  <lwtii^iit=on  of  fibres  proceediiifi:  from 
the  pes  of  tli«'  ('ni>«  cen'bri.     For  (ievoriprion  set^  text 

cortex.  Tlu'V  arc  united  in  manifold  ways  by  tlie  transverse, 
lonfritndinal,  and  obli(jiio  fibres  of  the  white  substance  of  the 
cerebral  beinisphcre.  Their  more  fundamental  relations  to 
the  midbrain  and  to  one  auother  are  shown  in  a  very  sini- 
pliiied  and  diairrammatic  manner  in  Fi^s.  1T7  and  178.  The 
itcr^  or  aqueduct  of  Sylvius,  /,  is  seen  passing  into  the  pos- 
terior end  of  the  third  ventricle,  3,  whicli  is  separated  by 
only  a  very  thin  layer  of  white  matter  from  the  large  ovoid 
gray  mass  ot^  which  is  the  optic  thalamus.     Connected  by  the 
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foiameu  of  Monro, /.I/,  with  the  third  ventricle  is  the  loft 
lateral  veiitriclu,  2,  hounded  on  the  inner  side  hv  the  thin 
septiini  lueiduni.  between  the  i^epta  lueidu  k  the  fiftli  veii- 
triele,  5.  Tiie  trruy  inii^ii,  Af\  to  the  yide  of  the  luteral  veu- 
triele  i&  tlie  ittudaie  ftKcfeii^s  and  the  massi  Lu  the  It^niieular 
itHcleum  of  the  carpus  striatum.  In  front  and  at  a  level  dif- 
erent  from  that  of  the  dia^^ani  the  two  are  euntintion^. 

The  hand  of  white  tihre^,  i(\  lying  here  between  tlie 
lenticular  nuehnit;  on  the  outer  side  and  the  f-auchite  nueleus 
and  optic  tliahiinus  on  the  inner  side  is  the  iuivntnl  cft/tsule : 
€c  is  the  exienml  mpnidf.  Fl  is  the  eortiea!  p-ay  matter  *»f 
the  frontid  lohe  of  the  cerelirnm;  /V,  of  tlie  jnirietul  h*he; 
Oi\L  of  the  oecipital  IoIm?:  Rt^^  the  fissure  of  Hularido;  /V>,  the 
parie to-occipital  flssure.  The  course  of  many  fihres  in  the 
forebrain  is  still  uncertain,  hut  some  important  i>ath8  liave 
been  tra<?ed  hy  aiuitonncal  and  uneroscnpi<'  work,  ami  still 
more  hy  follow inij  tmet.<  of  degcnemtion  resulting  from  cer- 
tain leb*ion9,  as  in  the  case  of  the  spimd  cord;  and  also  by 
notiein^^  tl»e  results  of  stimulation  or  renuivul  of  detinite  areas. 

Taking  first  the  peyi  of  the  erus  cerehri  (Fig.  f  7*i),  which 
con.siHt«  entirely  of  longitudinal  fibres,  we  find  that  the  py- 
■rfiniTTtal^ca^t.  py^  Fig.  177,  is  continued  through  the  internal 
capsule  and  mdiates  heyond  it,  to  end  in  the  cortex  of  the 
frontal  ami  parietal  lobes  in  the  regi<iu  r»f  the  fisjiureof  Holando. 
These  fihres  are  all  eJTerentand  degenerate  to  their  endings  in 
the  gray  matter  of  the  cord  or  the  tnotor  nuclei  of  eraiual  nerves 
when  the  cortex  in  the  Uolaudic  region  is  removed,  A  second 
<'olIeeti<m  of  fihres  in  the  pes  is  the  frontal,  ami  its  fibres,//*, 
can  he  traced  to  the  frontal  region  of  the  cortex;  when  that 
is  removed  the  fibres  degenerate  as  far  iis  the  gray  matter  of 
the  pons,  from  which  they  are  probably  connected  by  other 
fihres  with  the  op|MX^ite  side  of  the  eerehelhim.  A  third  set 
of  fibres  in  the  pes  is  the  temporo-ocei]ijtal,  uri  they  also  piLSS 
through  the  internal  capsnle  to  the  corresjMjnding  region  of 
the  cortex :  they  can  be  traced  as  far  as  the  gray  matter  of 
the  pons,  and  ap]Tear  to  be  fibres  of  descending  degeneration. 
Another  set  of  fibres,  m,  of  descending  degeneration  in  the 
internal  capsule  has  no  immediate  connection  with  the  cortex: 
it  arises  in  the  caudate  nucleus;  the  course  of  the  fibres  be- 
yond the  pons  is  not  known.  The  lenticular  nucleus  aldo 
gives  off  fihres,  g\  to  the  internal  capsule,  which  prol>ahly  con- 
nect the  corpus  striatum  through  the  pes  with  the  pons  and 
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mednlla  oblongata,  but  tbey  are  so  mingled  with  other  fibr«8 
that  they  have  not  l)een  satisfactorily  traced. 
^l^X»)  Passing  now  to  tlie  to^incntum,  it  is  first  to  be  borne  in 

J -J  mind  that  «aujLfil)res  (including  most  of  those  of  tlie  anterior 
'^^'^^  cerebellar  peduncle)  en^«m^it  from  MmmI,  ^nd  ii;  \ht^.  large 
^- »*^  •        rod  nuvtd ullying  in  its  antwnor  portion  and  in  its  other  gray 
^  ^i0^^^        masses.     From  these  (Fig.  178)  numerous  fibres,  rn,  pass  to 
the  optic  thalamus:   so  that  the  majority  of  the   tegmental 
fibres  differ  from  the  pedal  in  tliat  they  only  have  indirect 
connection  with  the  cortex  through  the  thalamal  and  other 
gray  matter.     The  thalamus  is  uniteil  with  nearly  all  regions 
of  the  cortex  by  fibres,  af,  passing  from  its  outer  side  into 
the  internal  capsule,  and  distributed  in  special  abundance  to 
the  occipital  lobe.     Since  the  thalamus  receives  fibres  through 
the   tegmentum   from  the    anterior  quadrigemina    and    the 
lateral  geniculata  (which  we  have  seen  to  have  close  connec- 
tion with  the  optic  nerves),  and  there  is  independent  reason 
for  believing  parts  of  the  occipital  lobe  to  be  closely  associated 
with  visual  perce{)tions,  the  close  anatomical  association  of 
that  lobe  with  the  thalannis  is  significant.     Another  group  of 
fibres,  (Jy  connects  the  thalamus  with  the  temporal  and  occip- 
ital cortex,  but  does  not  take  its  path  through  the  internal 
(•a])sule.       Sonic  fibres  of    the  tcirinentum  reach  the  cortex 
without  ]>riinary  coimoction  witli  the  tlialamus:  of  these  is  a 
set,  /%  wliicli  i)iissrs  tlirou^rh  the  lenticular  nucleus  (but  with- 
out iiuy  coinTnunii-ation  with  its  ^ray  substance)   on  its  wav 
to  tlic  frontal  and  parietal  lobes.     At  rp  is  indicated  a  set  of 
fibres  of  the  tej^nientuni  which  there  is  some  rejison  to  believe 
run  to  the  fore  part  of  the  cortex  direct,  having  no  connection 
with  the  tlialamus  and  ])assin<^  ventral  to  the  internal  capsule. 
Most  of  the  fibres  of  the   f44k4%  we  have  seen,  end  in  the 
red  niKileus  or  cwfw^ra  <|nmirige)kjna:  iib«cs  arising  in  these 
gray  masses  connect  them  with  ffie  4fh?rtnfTyffs  and  through  it 
with  tluM^^^U^K. 

Besid(\s  fibres  connecting  the  cortex  with  other  parts  are 
many  which  unite  different  cortical  areas  directly.  A  vtist 
number  {('a.  Fig.  1T7)  cross  the  middle  line  in  the  corpus 
callosum  and  are  believed  to  join  corresponding  jiarts  of  the 
two  hemispheres.  Others  pa^ss  over  in  the  small  white  an- 
terior commissure  and  unite  the  two  olfactory  lobes  and 
portions  of  the  temporal  lobes.  The  }>osterior  commissure 
unites  mainly  the  optic  thalami  and  the  front  ends  of  the 
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tegmental.  The  soft  commissure  is  mainly  gray  matter. 
FJniilly  II  liirgc  number  of  iiifsociutional  fibres,  as^  unite 
diflereiit  parts  of  the  cortiail  sub^tjiiit'e  of  the  sjime  Ijemi- 
sphere. 

The  different  gmy  masses  on  the  same  side  of  the  furebrain 
are  also  united  by  fibres.  They  are  either  so  scattered  among 
others  that  they  eanuot  be  trucked  out  along  speeial  tracts  of 
degeneration  J  or,  ad  is  possible,  ref^emhle  some  of  the  com- 
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Ffo  1T8  — niAin-Am  to  illiistmte  c«T«br«l  cli«tribyiiuti 
from  the  tcfctutfriluiu.     Fur  de«crii|itioij  iMsm  t^xt, 

mi88ural  fibres  uniting  upper  and  lower  regions  of  gray  matter 
in  the  spinal  cord  in  having  nutritive  centres  at  each  end, 
and  therefore  not  de*reiierating  on  either  side  of  a  section.  In 
any  case  Tery  little  is  known  as  to  their  numbers  or  paths: 
their  existence  is  indieatini  by  the  dotted  lines  in  Figs.  177, 
178. 

Omitting  the  associatiotml  and  the  crorv^  comntissure  fibres 
and    those   uniting   the  corpora  striata  and   optic   thalami, 
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it  may  be  said  in  general  that  the  systems  of  fibres  represented 
in  Fig.  177  are  all  almost  certainly  concerned  in  conveying 
impulses  from  the  cortex,  and  those  in  Fig.  178  in  the  trans- 
mission of  afferent  impulses.  It  will  be  noted  that  both  affer^ 
ent  and  efferent  fibres  are  abundant  in  the  internal  capsule; 
and  that  the  corpus  striatum  and  P^Ajt^  more  especiallr  con- 
nected with  efferent  and  the  tegm/nfam  and  thalamug^th 
afferent  impulses.  It  can  hardly  oe  necessary  to  ad<^tnat 
each  line  in  the  diagrams  represents  hundreds  of  thousands 
of  nerve-fibres. 

The  Functions  of  the  Cerebral  Cortex.     That  this  part  of 
the  nervous  system  is  in  close  association  with  the  intellect  and 
with   the   initiation   of  voluntarj'  movements  seems    beyond 
doubt:  but  it  may  have  other  functions  quite  a|>art  from  any 
states  of  consciousness;  and  intelligence  and  everj'  volition  may 
not  entirely  <iei)end  on  it.     The  ex|)eriments  made  in  recent 
years  on  the  lower  animals  tend  to  the  conclusion  that  some 
will  and  some  intellect  may  remain  in  animals  all  or  almost  all 
of  whose*  gray  cerebral  burfaces  have  ])een  removed;  the  more 
complete  loss  of  those  i)ower8  described  by  earlier   workers 
being  due  to  the  fact  that  the  animals  were  not  kept  alive  long 
enough  after  the  oi>emtion.     It  has  been  observetl  that  a  dog 
whoso  cerebral  cortex  (as  verified  by  sul)soquent  i>ost -mortem 
examiiiatioTi)   had  been  nearly  conii>letely  removed  did  leani 
after  some  months  to  walk  about  t()  all  a}>i)earance  voluntarily, 
and  to  tind  and  eat  his  HmmI;  lie  even  learned  not   to  t^ike  the 
food  of  otlier  (lo^s  after  he  had  been  severely  bitten    several 
times  for  so  doing.      But  more  com])lex  perceptions  were  h>st: 
before  the  o])eration,  for  exam])le,  he  was  greatly  terrified  ]>y 
seeing  a  man    fantjustically  dressed,  l>ut  afterwards  no  such 
appeanmce  aroused  in  him  so  complex  a  conception  as  that  of 
a  strange  or  dangerous  o])je<'t.      He  also  never  recovered  the 
trick   of  ''giving  paw/'    which   had   previously  biH^n   taught 
him.      Hut  on  tlie  whole  a  i)erso7i  casu;illy  observing  him  would 
not  have  thought  him  very  difTerent  from  any  other  dog,  ex- 
cept  perhaps  tliat  he  was  rather  stui)id:  juit  into  a  low  o}>en 
l)ox,  for  example,  he  would  n(»t  jumj)  out  of  it  when  called, 
thougli   he  easily  could   do  so  and  clearly  desired  to.      Such 
Kim])le  'ind  funcjamental  perce])tion.-i  and  volitions  as  remaiiUHl 
in  tliis  and  some  similar  cases  jirohahly  have  their  sinits  in  the 
oi)tic  thalami  and  corpora  striata,  and  indeed  embryology  shows 
that  tlie  corponi  striatum   is  morphologically  a  part  of  the 
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cerebml  cortex:  it  ia  therefore  i)robiible  that  in  niuii  some  of 
the  lower  and  simpler  mentiil  faculties  are  associated  also  with 
those  parts.  Tliere  are,  however,  gre^it  and  obvions  chances 
of  error  in  argning  from  the  actions  of  the  lower  aninntls  as  to 
their  mental  state:  and  these  arc  increased  by  the  ciJinpani- 

Itively  small  pro^xirliun  the  cerelira!  cortex  bears  to  tlie  wh<jle 
cerebro-Bpiiial  centre  in  these  animals  when  compared  with  its 
ratio  in  man,  showing  its  less  importance  in  the  management 
of  their  actions.  Hence  tlie  most  nseful  observations  are 
those  made  of  late  years  on  apes  and  monkeys  and  on  men 
eutTering  from  local  brain  disease*  By  utilizing  these  it  hits 
been  possible  to  map  out  certain  areas  of  the  brain  surface 
as  having  special,  tbongh  possibly  not  absolutely  unshared 
association,  witb  volitional  niov.ement  and  with  groups  of 
sensations  and  sensory  interpretations.  In  addition  to  facts 
obtained  by  removal  or  local  iHsease  of  parts  of  the  brain  we 
have  others  obtaiTied  by  electrical  stimulation  of  certain 
parts  of  the  cortex,  which  aithnngh  quite  insensible  to  cut- 
ting or  mechanical  irritation  does  in  some  places  respond  to 
application  of  the  interrupted  or  constant  electric  current. 
The  more  itnportant  results  obtained  are  imlicatetl  in  a 
general  way  in  ¥i%s.  17 1>  and  180,  representing  respectively  the 
outer  and  inner  surfaces  of  the  right  cerebral  hemisphere; 
these  diagrams  should  be  compared  with  the  more  detailed 
figures  in  Chafvter  XI 

The  shaded  area  beginning  on  the  top  of  the  brain  and 
extending  down  the  sides  of  tlie  fissure  of  Flolando  or  central 
fissure,  Ro,  and  beyond  its  ventral  etid  is  the  motor  area  of 
the  cortex.  It  also  extends  to  the  inner  side  of  the  liemi- 
sphere,  as  shown  in  Fig.  179.  Electric  stimulation  of  dif- 
ferent parts  of  this  area  causes  movements  of  leg,  arm,  or 
face  as  indicated.  Removal  of  the  region  marked  "arm"  in 
the  monkey  causes  motor  paralysis  and  some  loss  of  sensi- 
bility in  the  arm  on  tiie  opposite  side  of  the  body.  It  is 
also  followed  by  degenerations  extemling  from  the  re- 
moved region  of  cortex  through  tlie  internal  capsule  to 
some  pyramidal  fibres  in  the  pee  arnl  thence  Ijack  tlirough 
tlie  pyramids  to  the  crossed  pyramidal  and  direct  pynuii- 
idal  tracts  in  the  cord  as  far  as  the  cervical  enlarge- 
ment. Localized  disease  of  this  area  in  man  is  followed 
by  paralysis  of  voluntary  movements  of  the  opposite  arm 
and  by  similar  degenerations.     Similar  statements  are  true 


^     and 
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for  the  areas  marked  leg,  foot,  and  face,  except  that  the  re* 
suiting  degeneration  would  extend  in  the  one  case  to  the 
lumbar  enlargement  of  the  cord,  in  the  other  to  the  nucleus 
of  the  VII  nerve  in  the  meduHa.  Moreover,  each  of  these 
areas  can  be  mapped  out  into  smaller  ones,  giving  origin 
to  a  more  limited  movement  when  stimulated  and  a  more 
limited  paralysis  and  tract  of  degeneration  when  removed. 
Thus  areas  es|)ecial1y  associate<l  with  the  eyelids,  with  the 
muscles  of  the  angle  of  the  mouth,  with  the  flexor  muscles  of 
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Fio.  179— T>iajfram  of  oiif»*r  siirfaoe  of  left  cerebral  heraUph^re  to  iniistnit<»  th«» 
localization  ot  funetionH.  The  motor  aiva  i>i  shatleil  in  vertical  and  tran^ve^l« 
linen:  Ny,  tissure  of  Svlvin«»;  nn.  an^'tilar  jjvrus  or  convolution :  /?«,  flsiture  of 
R«>lan(io: /■>-.  fnmtal  1.»>h*:  Mi.  |»arietal  IoIh*:  /'«'.  temporal  li>t>e  Only  a  Vfrj  few 
of  the  inon*  im|H>rtnnt  f1ssnr»'s  are  ini1ioatf«l.     (V»MHMire  with  FiR.  180. 

the  wrist,  all  havo  tluMr  definite  plaoos  in  the  general  face  or 
arm  roirioii.  So  dofiiiito  arc  tlu^  positions  of  these  areas  that 
in  cases  of  localized  paralysis,  diairnosed  as  due  to  lesions  of 
the  cerebral  cortex,  surireons  now  have  no  hesitation  in  open- 
ing the  skull  in  order  if  ]>ossihlc  to  remove  the  cau«o  of 
trouble,  as  a  small  tiunor:  they  know  precisely  in  wliat  sjxjt 
they  will  find  it.  Althonirh  the  localization  is  therefore 
tolerahlv  precise,  yet  the  limits  of  neisrh boring  areas  are  not 
as  sharp  cut  as  the  boundaries  of  neiixhboring  countries  on  a 
map:  as  sliown  in  Fig.  17!',  the  arm  area  in  its  lower  ]mrt 
overlaps  part  of  the  face  area;  and  the  minor  areas  within 
the  main  ones  also  overlap  one  another  at  their  margins. 

The  general  interpretation  j)nt  uj)on  the  above  facts,  and 
one  which  seems  justified,  is  that  in  making  definitely  willed 
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movements  the  cortical  area  coiiRected  through  the  pyram- 
idal tract  with  tlie  miiselea  coucerDed  is  the  place  from 
which  efferent  impulses  start  lijrowiu|![  into  action  lower 
ceiitres  which  more  immediately  co-ordinate  the  muscles: 
these  lower  centres  in  midbrain,  cerebellum,  medulla  or  cord 
may  of  course  be  thrown  into  reflex  action  by  afferent  im- 
pulses having  no  connection  with  the  cortex,  and  to  tlie  eye 
the  resulting  movement  would  be  exactly  the  same  as  a 
willed  one.  In  another  person,  and  still  more  in  a  dog  or 
monkey^  we  must  often  be  in  doul*t  wliether  an  action  is  or 
is  not  intentional;  and  as  already  pointed  out,  many  move- 
ments of  our  own  which  were  at  one  time  even  painfully  in- 
tentional become  quite  unconscious  after  practice  and  are 
carried  out  by  lower  centres.  It  is  also  to  be  borne  in  mind 
that  the  cortical  area  from  which  the  efferent  processes  of  a 
willed  movement  make  their  start  is  in  connt*ction  by  as- 
sociational  and  other  commissural  fibres  with  many  other 
regions  of  the  cortex,  and  with  fibres  from  the  optic  thalamus 
which  may  bring  nerve  impulses  exciting  it,  and  it  is  also  in 
connection  with  the  whole  gray  cortical  network,  so  that  the 
brain  antecedents  or  excitants  leading  to  a  given  movement, 
either  alone  or  in  conibination  with  others,  may  be  very 
different,  and  may  be  associated  or  not  with  concomitant 
sensntions  or  emotions. 

Take  such  a  movement  as  clenching  the  fist.  On  a  corpse 
this  might  be  brought  about  hy  pulling  on  the  flexor  tendons 
of  the  digits,  but  in  an  imperfect  w^ay;  or,  again  in  a  very 
imperfect  manner  by  stimulation  of  the  motor  nerves  of  the 
flexor  muscles  in  the  arm  of  a  living  person.  If,  however,  we 
knew  exactly  the  proper  sensory  fibres  in  spinal  nerve- roots 
to  etiniulate  and  could  thus  act  on  the  centre  co-ordinating 
the  proper  muscles,  there  is  no  doubt  we  could  bring  about 
reflex ly,  and  apart  from  all  consciousness,  a  quite  normal 
clenching  movement.  Next  suppose  a  person  struggling  for 
breath:  as  his  extraordinary  muscles  of  respiration  come  into 
play  his  fists  arc  clenched;  liere  impulses  from  the  medulla 
oblongata  travel  down  the  cord  and  throw  the  "  clenching  '* 
8{>inal  centre  into  activity  along  with  many  other  muscles, 
and  co-ordinating  them  all  so  as  to  give  as  good  a  pull  as  pos- 
aible  to  all  muscles  which  can  help  an  inspiration.  In  a 
higher  bat  still  not  volitional  stage,  more  groups  of  muscles 
are  concerned,  and  centres  of  co-ordination  in  the  pons  and 


626  TUB  HUMAN  BODY. 

cerebellum  come  into  action  also;  take  a  man  preparing  for  a 
high  jump:  as  lie  crouches  and  puts  himself  in  balance  for 
the  spring  he  clenches  his  fists,  quite  unconsciously  of  course. 
Here  the  immediate  clenching  centre  is  thrown  into  activity 
along  with  the  muscles  of  breathing,  and  of  all  parts  of  the 
trunk  and  limbs.     Eacli  subsidiary  {)eripheral  centre  plays  its 
part  and  the  instreaming  afferent  impulses  from  the  skiu  of  the 
feet,  from  the  fibres  of  the  muscular  sense,  from  the  semicir- 
cular canals,  from  the   eyes,  are  all   concerned  (without    the 
person*s  perception  of  them)  in  throwing  the  motor  mechanisms 
of  midbrain,  cerebellum,  medulla,  and  cord  into  harmonious 
activity,  so  that  when  the  jump  is  actually  willed  it  shall  be 
accomplished.     But  that  in  this  ease  the  volition  plays  a  very 
secondary  part  is  obvious;  it  merely  acts  on  an  apparatus  all 
ready  to  discharge  in  a  given  way  when  a  suitable  additional 
nerve  impulse  reaches  it.     A  runner  all  tense  for  the  start  of 
a  hundred -yard  race  can  hardly  be  said  to  start  voluntarily 
when  he  hears  the  signal;  the  case  is  comparable  more  to  the 
self-balancing  of  a  pigeon  deprived  of  its  cerebral   hemi- 
spheres, when  its  perch  is  tilted.     Next,  suppose  I  clench  my 
fist  "  involuntarily,"  as  we  commonly  say,  when  I  see    some- 
thing  that  arouses  my  indignation;    here  clearly  a    mental 
element   is   in  play,  but   not  a  volitional  one,  and   so  far   as 
the  movement  is  concerned  probably  the  motor  area  of   the 
cortex  has  little  or  nothing  to  do  witli  it:  it  is  more  in  acconl 
with  wlnit  is  seen  on  animals  to  suppose  that  such  simple 
emotions  and  tlieir  characteristic  movements  may  be  carried 
out  by  nerve  apjuiratuses  lying  no  higher  than  the  tlialami 
and   corpora  striata.     If,  however,  I  strike  a  man  with  the 
intention  to  })nnish  him,  tliere  can  be  little  doubt  that  the 
"  clencliinu:''  centre  is  excited  l)y  fibres  from  the  cortex  and 
passing  down  in  tlie  })yranndal  tract.     But  this  cortical  area 
may  in   tnrn  be  tlirown  into  activity  and  may  have  its  ten- 
dency to  discharge  modified  in  many  ways.     My  anger  may 
bo  the   cuhninating  result  of  many  loTig  past  received  and 
inter})reted  and  remembered  sensations,  and  whether  I  shall 
give  the  hlow  or  restrain  myself  also  be  dependent  on  many 
antecedents   of   experience.     Again,    I   clench    my   hand    to 
knock   down  a  madman,  as  the  oidy  immediate   method   of 
preventing  him  from   committing  a  nnirder:  here  the  same 
motor  cortical  area  no  don])t  would  he  thrown  in  action  as 
when  the  blow  wjis  struck  in  anger,  but  it  is  clear  that  the 
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aiitecettcnt  nerve  processes  arousing  its  activity  would  be 
quite  different  in  the  two  {?jisej3;  nud  they  would  yet  again  be 
ditft'reut  if  I  clenched  tlie  list  in  ordtr  to  explain  to  a  child 
the  meaning  of  the  word  clench.  We  see  then  that  the  im* 
mediate  motor  centres  rnay  be  excited  in  varions  ways  and  in 
various  combinations  quite  apart  frotd  the  cortex  of  the  cere- 
brum and  by  fibres  not  connected  with  the  pyramidal  tracts; 
and  that  when  excited  from  the  cortical  area  of  the  cere- 
brum through  tibrea  of  tlie  pyramidal  tract,  that  area  itself 
may  be  excited  or  controlled  irj  its  activity  by  a  vast  number 
of  other  parts  of  the  cortex,  and  by  n  on -cortical  parts  of  the 
nervous  system.  The  motor  area  cannot  properly  be  spoken 
of  as  the  seat  of  volition:  an  act  of  willing  is  the  final  out- 
come of  changes  in  otlier  ami  often  numerous  other  regions 
of  the  cortex,  the  resultant  of  whose  material  processes  is  a 
discharge  of  efferent  impulses  frotn  some  region  of  the  motor 
area. 

The  permanent  effects  of  local  lesions  of  the  Rolandic 
region  differ  with  the  dmelopment  of  the  brain.  In  dogs 
removal  of  the  lett  brain  region  connected  with  the  fore 
paw  causes  only  temporary  motor  paralysis  of  tlie  limb  on 
the  other  side;  after  a  time  the  animal  learns  to  walk  again 
jis  well  as  before;  tlien  removal  of  the  corresponding  area  on 
the  right  side  of  the  brain  is  f«dlowed  by  paralysis  of  both  fore 
limbs.  This  has  been  snpposed  to  show  that  the  centre  on 
the  right  side  had  taken  up  the  duty  of  control  for  both  sides 
after  that  on  the  left  had  been  removed.  However  that  may 
be,  the  second  paralysis  is  also  only  temporary,  disappearing 
in  some  weeks  or  montlis;  and  as  has  been  already  stated, 
even  after  removal  of  all  the  motor  area  the  animal  occasion- 
ally learns  in  the  eonrse  of  time  to  walk  nearly  jis  well  as 
ever.  This  must  bo  due  to  lower  centres  (corpora  striata  ?), 
and  the  qnestion  is  whether  the  movements  in  such  cases  are 
truly  voHtioual,  for  delinite  acts  of  willing  a  movement  prob- 
ably play  a  very  Buiall  part  in  a  dog's  life:  most  of  its  move- 
metits  are  the  immedinte  efferent  expression  of  afferent  im- 
pulses and  tnie  volitions  have  but  a  small  part  in  them.  In 
the  lower  monkeys  definite  motor  effects  of  removal  of  part 
of  the  cortical  motor  area  are  also  tem|)orary,  hut  last  longer 
than  in  dogs;  and  in  the  anthropoid  apes  the  same  is  the  case 
in  a  greater  degree,  and  according  to  some  experimenterir 
certain  delicate  combined  movements  are  permanently  lost 
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after  destruction  of  the  motor  area.    These  facts  are  correl- 
ated with  the  relatively  larger  size  of  the  cortical  motor  area 
and  of  the  pyramidal  tracts  in  moihkeys  as  compared  with  dogs, 
and  the  anthropoid  apes  as  compared  with  other   monkeys. 
The  larger  and  more  highly  organized  the  brain   area  the 
greater  the  part  it  plays  in  the  life-work  of  the  animal  and 
more  noticeable  are  the  results  of  its  absence.     In  man  local 
paralysis  due  to  local  cortical  lesion  is  often  only  temporary: 
this  may  be  due  to  disup}>earance  of  the  disease;    or  to  the 
primary  paralysis  being  only  a  "  shock  "  cflfect,  and  not  due  to 
actual  disease  of  the  motor  centre,  for  it  is  well  known  that 
in  animals  injury  to  one  region  of  the  brain  will  often  for  a 
considerable  time  inhibit  the  activity  of  other  parts :  or  it  may 
be  due  to  the  hemisphere  of  the  opposite  side  assuming  con- 
trol.    Different  observers  attribute  very  various  values  to  these 
three  possible  factors.     In  this  connection  reference  mav  be 
made  to  cases  of  wliat  is  called  aphasia,  which  in  its  fully  de- 
veloped state  is  a  loss  of  the  power  to  apply  words  to  express 
ideas.     The  power  of  speech  may,  of  course,  be  lost  through 
disease  of  the  larynx  or  paralysis  of  the  nerves  or  muscles  of  the 
voice  organs,  but  such  a  condition   is  not  true  aphasia:  the 
aphasic  person  can  often  articulate  perfectly  well,  but  he  can- 
not Jittiich  a  meanintr  to  his  spoken  word:  in  some  cases   he 
can  write  words  with  meaning,  tliough  he  cannot  say  them ;  in 
other  cases  {agrtfphia)  the  power  of  using  written  words  to 
express  ideas  is  also  lost,  tliough  the  person  can  write,  and  his 
general  conduct  shows  that  he  is  still  guided  by  his  intelli- 
gence; he  knows  quite  well  what  he  wants  to  say,  but  he  can- 
not set  the  proper  motor  apparatus  in  action  to   utter  the 
word:  if  he  speaks,  the  word  has  no  connection  with  that  in 
his  mind,  and  as  soon  as  he  hears  himself  speaking  it  he  often 
knows  that  the  word  he  uses  is  quite  wrong.     We  find  in  such 
cases  the  power  to  understand  words,  and  to  form  ideas  of 
words,  and  to  utter  words,  but  some  link  between  the  origin 
of  the  idea  and  the  discharge  of  the  motor  impulses  willed  to 
express  it  is  out  of  gear.     It  is  as  if  an  injured  reflex  centre 
should  give  a  wrong  or  inco-ordinate  efferent  response  to  an 
afferent    impulse.     Aphasia    is  almost   invariably  connected 
with  diseiise  of  the  area  marked  SP  in  Fig.  170  and  known 
as  the  third  or  lower  frontal  convolution,  and  the  pathological 
change  is  on  the  left  side  of  the  brain  only.     The  area,  as  will 
be  seen,  is  closely  associated  with  the  face  area  and  the  tongue 
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and  partly  overlaps  them,  or  rather  is  intermixed  with  thein ;  as 
poifvLed  out  above,  the  lesion  is  not  one  of  motor  speech  een- 
tres,  but  of  the  coinieetion  between  these  and  otiier  cerebral 
areii«  in  which  have  occurred  changes  accompanied  by  the 
desire  of  verbal  expression;  something  wrong  probably  in  the 
gray  network.  Very  rarely  aphasia  has  been  known  to  follow 
disease  or  injury  of  the  corresponding  convohaiou  on  the 
right  side;'  so  that  in  it  we  have  an  example  of  a  vei-y  definite 
nexus  between  a  1  incited  area  of  tlje  cortex  and  the  expres- 
sion of  will  through  movenjents.  Cases  of  recovery  from 
aphasia  have  occnrred,  but  are  extremely  rare.  In  the  ex- 
ceptional cases  it  has  been  supposed  that  the  right  side  of  the 
brain  takes  up  the  duty  of  connecting  the  material  changes 
in  the  gray  network  which  aeconipuny  the  origination  of  un 
idea  in  one  or  more  cortical  ureas,  with  the  olher  changes 
which  resnlt  m  speecli.  This  view  gains  some  support  from 
the  fact  that  in  certain  cases  of  recovery  due  to  left-side  dis- 
ease, aubserjnent  di^^eiise  in  the  third  right  frontal  convolution 
has  been  followed  by  a  fresh  aphasia.  But  however  that  may 
be  we  have  in  aphasic  persons  definite  evidence  of  the  limita- 
tion of  definite  function  to  a  very  limited  urea  or  areas  of 
the  cerebral  cortex. 

Much  less  is  known  as  to  other  regions  of  the  cortex  than 
of  the  motor  area:  most  of  them  do  not  respond  to  electrical 
fitimnhvtion  at  all,  and  those  areas  that  do,  only  show  it  by 
movements  lacking  in  precision.  We  are  red t iced,  therefore, 
to  observation  on  animals  from  whom  certain  cortical  parts 
have  been  removed,  and  to  observations  on  diseased  persons. 
Certain  broad  regions  have  in  this  way  been  mapped  out  aa 
connected  with  certain  main  groups  of  sensations  (Figs.  179, 
180),  probably  rather  with  the  combining  and  interpreting 
of  sensations,  with  their  ideation,  than  with  the  mere  raw 
sensation  itself.  The  latter  is  probably  more  dependent  on 
the  lower  brain  centres;  in  most  cases  it  is  secondary  changes 
in  these  which  lead  to  impulses  which  are  passed  on  to  excite 
the  cortical  sensory  areas. 

There  is  considerable  evidence  that  removal  or  extensive 
injury  of  the  left  occipital  lobe  causes  blindness  of  tlie  left 
half  of  each  retina,  and  iutr  versa.  Also,  that  stimulation  of 
this  region  of  the  brain  may  cause  movements  of  the  eyes 
and  eyelids  which  have  been  described  as  such  as  an  animal 
would  make  if  it  tliought  it  saw  something,  though  obviously 
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that  must  be  a  very  uncertain  deduction.  Also,  the  optic 
tract  of  each  side  has  through  the  anterior  corpus  quadri- 
geminum  and  some  other  gray  masses  a  close  connection  with 
the  cortex  of  tlie  occipital  lobe.  Probably,  therefore,  that 
region  has  some  close  connection  with  vision.  There  is  also 
some  evidence  that  the  angular  gyrus  (««,  Fig.  179)  has  con- 
nection with  sight. 

The  sense  of  smell  has  been  supposed  especially  connected 
with  the  uncinate  gyrus  of  median  side  of  the  temporal  lobe 
(un.  Fig.  ISO),  and  the  sense  of  taste  with  a   neighboring 


Flo.  IPO.— Diagram  of  Inner  surface  of  left  cerebral  hemisphere  to  illuBtrate 
cerebral  localization.  .97,  flssiiro  of  Sylvius:  Rn,  fissure  of  Rolando;  FV,  frontal 
lobe;  C>t*.  occipital  lobe:  TV.  t»»in|H^ral  h»bt»;  C.rl,  corpus  callosum;  ///,  third  ven- 
tricle.   Compare  with  Fip.  179. 

area,  but  the  evidence  is  unsatisfactory;  and  the  same  may  ho 
said  of  tlie  reasons  which  led  to  designation  of  the  region  of 
the  temporal  h>be  close  behind  tlie  fissure  of  Sylvius  with 
hearing.  The  region  marked  on  the  diagram  as  that  of 
cutaneous  sensations  lias  also  a  doubtful  claim:  there  is  some 
reason  to  believe  tliat  tiie  motor  area  of  the  cortex  luis  con- 
nection with  the  muscular  sense;  also  to  some  extent  with 
tactile  feelings. 

Tactile  and  temperature  impulses  cross  the  middle  line 
somewhere  on  their  path  from  the  skin  to  the  brain.  An 
apoj)loctic  elTusion  in  one  cerebral  hemisphere  causes  loss  of 
sensation  and  of  voluntary  movement  on  the  other  side  of 
the  I^ody. 

The  frontal  lobes  are  quite  irresponsive  to  excitation,  and 
considerable  parts  of  them  have  been  removed  without  ap- 
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parent  iliminntion  of  motor  or  sensory  faculty.  By  a  sort  of 
procesa  of  exclusion,  the  rest  of  the  cortex  being  albtted 
(though  on  unsatisfactory  evidenco)  to  motion  and  sensation 
the  frontal  regions  have  been  suj)posed  to  have  special  con- 
nection Willi  tlie  higher  intelleetiial  faculties. 

Mental  Habits,  Movements  which  are  commonly  exe- 
cuted together  tend  to  become  so  associated  that  it  is  difficult 
to  perform  one  alone;  many  persons,  t?.^.,  cannot  close  one 
eye  and  keep  the  other  open.  From  frequent  use,  the  paths 
of  conduction  between  the  co-ordinating  centres  for  both 
groups  of  muscles  have  become  so  easy  that  a  volitional  im- 
pulse reaching  one  centre  spreads  to  the  other  and  excites 
both.  This  associatioa  oL  qaqy^pients.  dependent  on  tlie 
modification  of  tlrain  structure  by  nse,  finds  an  interesting 
|mrallel  in  the  psychological  phenomenon  known  as  the  us  so* 
ciation  of  itims;  and  all  education  is  largely  based  on  the 
fact  that  the  more  often  brain  regions  have  acted  together 
tlie  more  readily,  until  finally  almost  indissolubly,  do  they  so 
art.  If  we  always  train  np  the  child  to  associate  feelings  of 
diiljyiBt  with  wron^  actions  and  of  a|i^irobation  with  right, 
when  he  is  old  he  w^ill  find  it  very  hard  to  do  oiherwise :  fiUch 
an  organie  nexus  will  have  been  established  that  the  activity 
of  tfie  one  set  of  centres  will  lead  to  an  excitation  of  that 
which  habit  has  always  associated  with  it.  The  higher  nerve- 
centres  are  throughout  eminently  phistic;  it  is  that  which 
marks  them  out  for  a  far  higher  ntility  and  greater  adaptation 
to  the  varying  experioncea  of  individual  life  than  the  more 
fixed  and  machine-like  lower  centres:  every  thought  leaves 
in  them  its  trace  for  good  or  ill;  and  the  moral  truism  that 
the  more  often  we  yield  to  temjrtation — the  more  often  an 
evil  solicitation,  sensory  or  otherwise,  has  resulted  in  a  wrong 
act^ — ^the  harder  it  is  to  resist  the  re])etition  of  it,  has  its  par- 
allel (and  we  can  hanlly  iioubt  its  physical  antecedent)  in  the 
marking  out  of  a  path  of  easier  conduction  from  perceptive 
to  volitional  centres  in  the  brain.  The  knowledge  that  every 
weak  yielding  degrades  our  brain  structure  and  leaves  its  trail 
in  that  organ  through  which  man  is  the  '*  paragon  of  animals/' 
while  every  resistance  makes  less  close  tlie  bond  between  the 
thought  and  the  act  for  all  future  time,  ought  surely  to 
•*give  us  pause:'*  on  the  other  hand,  every  right  action  helps 
to  establisli  a  **  path  of  least  resistance,"  and  makes  its  sub- 
sequent performance  easier. 
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The  brain,  like  the  muscles,  is  improved  and  strengthened 
by  exercise  and  fajwriad  by  ovofwork  or  idlmisor;  and  just  as 
a  man  may  specially  develop  one  set  of  muscles  and  neglect 
the  rest  until  they  degenerate,  so  he  may  do  with  liis  brain; 
developing  one  set  of  intellectual  faculties  and   leaving  the 
rest  to  lie  fallow  until,  at  last,  he  almost  loses  the  power  of 
using  them  at  all.     The  fierceness  of  the  battle  of  life  nowa- 
days especially  tends  to  produce  such  lopsided    mental  de- 
velopments; how  often  does  one  meet  the  business  man,  so 
absorbed  in  money-getting  that  he  has  lost  all  power  of  ap- 
preciating any  but  the  lower  sensual  pleasures;    the   intel- 
lectual joys  of  art,  science,  and  literature  have  no  charm  for 
him;  ho  is  a  mere  money-making  machine.     One,  also,  not 
unfrequently  meets  the  scientific  man  with  no  appreciation 
of  art  or  literature;  and  literary  men  utterly  incapable  of 
,  sympathy  with  science.     A  good  eoHrgmW-^dufiation  iu  early 
j^  life,  on  a  broad  basis  of  mathematics,  languages,  and    the 
natural  sciences,  is  a  great  security  against  such  imperfect 
mental  growth;  one  danger  in  American  life  is  the  tendency 
to  put  lads  in  a  technical  college,  or  to  start  them  in  business 
before  tlioy  have  attained  any  broad  general  education.     An- 
other danger,  no  doubt,  is  the  opposite  one  of  making  the 
trr.ining  too  broad;  a  man  wlio  kftaw^-arre^r  two  literatures 
fairly  well,  and  who  has  mast^reil  the  elements  of  matliemat- 
ics  and  of  one  of  the  observational  or  experimental  STtimres, 
is  likely  to  havn  a  Ijetter  and  more  utilizable  brain  than  he 
who  has  a  smattering  of  half  a  dozen  languages  and  a  con- 
fused idea  of  all  the  **  ologies."     The  habits  of  mental  sloven- 
liness,  the  illogical  thinking,  and   the  incajmcity  to    know 
when  a  thing  really  is  mastered  and  understood,  which  one  so 
often  finds  as  the  results  of  such  an  education,  are  far  w9FBe 
than  the  narrowness  apt  to  follow  the  opposite  error,  which 
is  often  associated  with  the  power  of  accurate  logical  thought. 
Those  who  are  deprived  of  the  advantages  of  a  general  colle- 
giate education  may  now,  more  easily  than  at  any  previous 
])eriod,  cultivate  meiital  breadth  by  reading  some  of  the  many 
excellent  general  reviews  and  magazines,  and  the  readable 
but  exact  ]>(  pular  expositions  now  available  on   nearly  all 
subjects,  which  are  such  a  feature  of  our  age.     Assocniting, 
out  of  working  hours,  with  those  whose  special  pui:s«Hts  are 
different  from    our  own   is  almost   nifccssary   to  those  who 
would  avoid  suoh  an  asymmetrical  development  as  almost 
amounts  to  intellectual  deformity. 
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VOICE  AND  SPEECH. 


TToic^  coueifits  of  eouDds  produced  by  the  vibrationfl  of 
two  elastic  baiide,  the  inte  vocal  coni^,  placed  in  tbe  iart/nx, 
an  upper  inoditied  portion  of  the  pikisage  which  leads  fronj  the 
pharynx  to  the  lungs.  When  the  voeal  cords  lire  put  in  a  cer- 
tain posiiiun,  air  driven  pant  them  sets  them  in  puriodic  vibra- 
tion, and  the}*  efuit  a  musical  note;  the  lunge  and  ret>])iratory 
muscles  are,  therefore,  accessory  parts  uf  the  vocal  apparatus; 
the  strength  of  the  blast  produced  by  them  determines  the 
loud ues*<t  of  the  voice.  The  larynx  itself  is  the  essential  voice- 
organ:  its  size  prinuirily  deterniineH  tlie  pitch  of  the  voice, 
which  is  lower  the  longer  the  vocal  cords;  and,  hencej  shrill 
in  children,  and  iisually  higher  pitched  in  women  than  in 
men;  the  male  laryt^K  grows  rapidly  at  commencing  man- 
hood, cauflini^  the  change  commonly  known  as  tlie  **  breaking 
of  the  voice."  Every  voice,  while  its  gencnd  pitch  is  de- 
pendent on  the  h^ngth  of  the  vocal  cords,  has,  however,  a 
certain  range,  within  limits  which  determine  whether  it  shall 
be  Roprnno,  mezzo-sop rano,  alto,  tenor,  baritone,  or  bass. 
This  variety  is  prod u ceil  by  nniseles  within  the  larynx  which 
alter  the  tension  of  thc^  vocal  cords.  Those  characters  of 
voice  whioh  we  express  by  such  phrases  as  harsh,  sweet,  or 
sympathetic,  depend  on  tlie  rtrncture  uf  the  vocal  cords  of 
the  individual;  cords  which  in  vibrating  emit  oidy  harmonic 
partial  tones  (rhap,  XXXV)  are  pleasant;  while  those  in 
which  inharmonic  parti als  are  cons])icnou8  are  disafrreeable. 

The  vocal  cords  alone  would  produce  hot  feehle  sounds; 
those  that  they  emit  are  Rtrentrthencd  hy  sympathetic  reso- 
nance of  the  air  in  the  pharynx  and  mouth,  the  action  of 
which  may  be  compared  to  that  of  the  sounding-board  of  a 
violin.  By  movements  of  throat,  soft  palate,  tongue,  cheeks, 
and  lips  the  sounds  emitted  from  the  larynx  are  altered  or 
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supplemented  in  Tarioua  ways^  and  converted  into  articulate 
language  or  speech. 

The  Larynx  liea  in  front  of  the  neck,  beneath  the  hyotd 
bone  and  abo?e  the  windpipe;  in  many  i>er&ona  it  is  promi- 
nent,  causing  the  projection  known  as  "  Adam's  apple/*  li 
conBists  of  a  framework  of  cartilages,  partly  join€^d  bj  true 
synovial  joints  and  partly  bound  together  bj  mem brauee; 


Fitt.  tBl.— The  mon*  imi>ort«iit  cfirillnj^a  of  the  Urynx  from  behind,  f,  thy- 
roid; C*.  Its  su^wrlor,  and  (V,  in*  irif*rUtr,  lu»ni  of  the  right  «klf:  ,#,  cricoid  rArtl- 
*•«**;  t,  ftryt**iioiU  cartllii^^:  Pv.  the  ef>nn*r  to  wiiich  the  poRterior  »*t>ci  of  a  voo«l 
cord  la  attached;  Fm,  comer  or*  which  tW  in u«cJ«»  which  Approximate  or  oefni- 
jmt«  the  vocul  cords  an?  Inserted;  ca^  c&nilAgr'  of  SaQtorfni. 

muscles  are  added  which  move  the  cartilages  with  reference 
to  one  another;  and  tlie  whole  is  lined  by  a  mucous  mem- 
brane. 

The  cartilasfca  of  tlie  hirynx  (Frg.  ISl)  are  nine  in  num- 
ber; three  single  and  median,  and  three  pairs.  The  largest 
(f)  is  called  the  thfjrouh  and  consists  of  two  halves  which 
meet  at  an  angle  in  front,  bnt  separate  behind  so  as  to  inclc 
a  V-shnped  space,  in  which  most  of  the  remMioing  cartila 
lie.  The  epiffh'ffis  (not  represented  in  thi^  fignre)  is  fixed 
to  the  top  of  the  thyroid  cartilage  and  overhangs  the  entry 
from  the  pharynx  to  the  larynx;  it  may  be  seen,  covered 
by  mucous  membrane,  projecting  at  the  base  of  the  tongue, 
if  the  latter  be  pushed  down  while  tlie  month  is  held  open  in 
front  of  a  miri-or;  and  is»  eimihirly  covered,  represented, 
seen  from  behind,  at  a   in  Fig.  182.     The  cricoid,  the  last] 
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of  the  impaired  cartilages,  has  the  shape  of  a  signet-ring  j  ita 
hroad  part  {^^,  Fig,  181)  is  on  the  posterior  side  and  lies  at 
the  lower  part  of  the  opening  between  the  hulves  of  the 
thyroid;  ju  front  and  on  the  sides  it  is  narrow,  and  a  space, 
occupied  hy  the  crivo-thifvoid  vivmbrnnt^  intervenes  between 
its  upper  border  and  the  lower  edgQ  of  the  tliyroid  cartilage. 
The  angles  of  the  latter  are  produced  above  and  below  into 
projecting  horns  {€»  and  Vi^  ¥\g.  181),  and  the  lower  horn 
on  each  side  forms  a  joint  with  the  cricoid.  The  thyroid  can 
be  rotated  on  an  axis,  paasing  through  the  joints  on  each 
side,  and  rolled  down  so  that  its  lower  front  edge  shall  come 
nearer  the  cricoid  cartilage,  the  niembraue  there  intervening 
being  folded*  The  arytenoids  (f ,  Fig.  181)  are  tlie  largest  of 
the  paired  cartilages;  they  are  seated  on  the  upper  edge  of 
the  posterior  wide  portion  of  the  cricoid,  and  form  true 
joiuts  with  it.  Each  is  pyramidal  with  a  triangular  base, 
and  has  on  its  tip  a  small  nodule  (ro.  Fig,  181),  the  cartih^e 
of  SanforinL  From  the  tip  of  each  arytenoid  cartilage  (he 
arifleno'epighyftidefui  fold  of  mucous  membrane  (10,  Fig.  182) 
extends  to  the  epiglottis;  the  cartilage  of  8autorini  causes  a 
projection  (8,  Fig,  181*)  in  this,  and  a  little  farther  on  (9) 
is  a  similar  eminence  on  each  side,  caused  by  the  remaining 
pair  of  cartilages,  known  as  the  cuneiform,  or  cartilages  of 
Wrisberg. 

The  Vocal  Cords  are  bands  of  elastic  tissue  which  reach 
from  the  inner  angle  (Pr,  Fig.  181)  of  the  base  of  each  aryte- 
noid cartilage  to  the  angle  on  the  inside  of  the  thyroid  where 
the  sides  of  the  reunite;  they  thus  meet  in  front  but  are 
separated  at  their  otiier  ends.  The  cords  are  not,  however, 
bare  strings,  like  those  of  a  harp,  but  covered  over  with  the 
lining  mucous  meuihrane  of  the  larynx,  a  slit,  called  the 
glottis  (r,  Fig.  18"-*),  beir^g  left  between  them.  It  is  the  pro- 
jecting cushions  formed  by  them  on  each  side  of  this  slit 
whicli  are  set  in  vibration  during  phonation.  Above  each 
vocal  cord  is  a  depression,  the  ventricle  nf  the  larynx  (b\ 
Fig.  18*v)?  this  is  bounded  above  by  a  soiuewbat  prominent 
edge,  the  false  vocal  cord.  Over  most  of  tlie  interior  of  the 
larynx  its  mucous  membrane  is  thick  and  covered  by  ciliated 
epithelium,  and  has  many  mucous  glands  imbedded  in  it. 
Over  the  vocal  cords,  iiowever^  it  is  represented  only  by  a 
thin  layer  of  flat  non-ciliated  cells,  and  contains  no  glanda. 
In  quiet  breathing,  aTui  after  death,  the  free  inner  edges  of  the 
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rio.  183.— The  larynx  viewed  from  itx  pharyn^al  opeains.    The  back  wmll  L. 
the  pharynx  Im*  itt-v^u  divuit?*!  autl  its  »>f1^t^  •nlturn(^d  &isid<^.    K  body  af  hyold; 

4,  iUsnuiU,  and  8.  iu  |?r?Hl,  boms:  4,  nitp^r  and  tower  honis  of  thyroid  csAftAafrp; 

5,  rtuicouR  niembrfme  of  rroiil  of  pimrynx.  covt*riDsr  Ihc  back  of  Ihe  cricoid  carti- 
lA|f<*;  6,  iipprr  end  of  ^uUfi;  7,  wiinl|»if»t'.  lyinir  in  froot  of  ih«*  ifnHet;  8,  etnitteooe 
camiiKi  by  cartilagt*  of  Santorlnr:  9  emiii^'ncf  cauxted  by  carrilsr**  <>f  Wrl'^hipinir; 
Iwmh  lie  liK  10.  the  arytena-eiufjlolttiitnti  foUi  of  tniicouii  ineini  i  n^; 
th#*  ofwninit  i,<]<irrii.N  mrwut/uti  from  phurynx  to  lanrnx.  *j,  pr  r-i- 
irloLtis:  r.  the  plotti*.  the  hu^s  tpadlii>r  frtiiii  the  Jrtter  point  U^  ry 
(HJir«*8  of  the  vocaJ  eorvli*.  h',  the  v^otrieWs  of  tlu^  larynx:  their  upi^r  ei]g«>a,  niarle- 
iij|r  them  off  from  the  imminence*  b,  are  the  fabe  vocal  corda, 

these  coTKlitions  passes  tli rough  witlioiit  producing  voice.  If 
they  are  watched  with  the  hirvngoscope  during  fihuna^on,  it 
is  seen  that  the  cords  j^)i)iiiPAlimt\i'  bt- hind  so  as  to  narrow  the 
glottis;  at  the  same  time  tliey  hetvtrne  mort>4*iii!ie,  and  their 
inner  edges  \n "t* jtt  t  1 1 1 nm  iphpi  \ A y  and  furm  a  bettor-defined 
niurfrin  to  the  glottis,  and  their  vibrationB  can  be  seen. 
These   changes   are    brought  about   by    the    delicately   co- 
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ordhiateri  activity  of  a  tnimber  of  small  nniscles,  which  move 
the  cartilages  to  which  llie  cords  are  fixed. 

The  Muscles  of  the  Larynx.  In  describing  the  direc- 
tion aud  action  of  Uiese  it  is  convenient  to  use  the  words 
front  or  anterior  and  back  or  posterior  with  reference  to  the 
larynx  itself  (that  is,  as  eqnivalant  to  ventral  and  dorsal)  and 
not  with  referenee  to  the  head,  m  nsual  Tlie  base  of  each 
arytenoid  cartilage  is  triarigiilar  and  fits  on  a  surface  of  tlic 
cricoid,  on  whit^h  it  can  slifi  to  and  fro  to  some  extent,  tlie 
ligamentfl  of  the  Joint  being  ha.  One  corner  of  the  tri- 
angular base  is  direited  inwards  and  forwards  (t>.  towards 
the  thyroid)  and  is  called  the  vocal  process  (J'v,  Fig.  181),  as 
to  it  the  vocal  cords  are  fixed.  I^he  outer  posterior  angle 
{Pm,  Fig,  181)  has  several  muscles  inserted  on  it  and  is 
called  the  muscular  /mtccjis.  If  it  be  pnlled  Imck  and 
towards  the  middle  lino  the  arytenoid  cartilage  will  rotate  on 
its  vertical  axis,  and  rcdl  its  vocal  processes  forwards  and  out- 
wards,  and  so  widen  the  glottis;  the  reverse  will  happen  if 
the  muscular  process  be  drawn  forwards.  The  muscle  pro- 
ducing  the  former  movemeui  is  the  posienor  cricO'dryieuoid 
{Cap,  Fig.  183);  it  arises  from  the  hack  of  the  cricoid  carti- 
lage»  and  narrows  to  its  insertion  into  the  muscular  procesB 
of  the  arytenoid  on  the  same  side.  Tlie  opponent  of  this 
muscle  is  the  la  feral  cricoarytenoid^  which  arises  from  the 
side  of  the  cricoid  cartilage,  on  its  inner  surface,  and  pasaee 
upwards  and  backwards  to  the  muscular  process.  The  pos- 
terior crieo-arytenoids,  working  alone,  pull  inwards  and  down- 
wards the  muscular  processes,  turn  upwards  aud  outwards 
the  vocal  processes,  and  separate  the  P^^gj^jjj^^'^^s  of  the 
vocal  cords.  The  Itiii^rwi  oiiaojtfa)r^^," wricking  al on  pulls 
downwards  and  forwards  the  muscular  proi'css,  and  rotates 
inwards  and  upwards  the  vocal  process,  and  narrows  the 
glottis;  it  is  the  chief  agent  in  producing  t!ie  apfrwmrration 
of  the  cords  necessary  for  the  produetion  of  voice.  When 
both  pfii F»ol  muscles  act  together,  however,  each  DefftTaTTzes 
the  tendency  of  the  other  to  ti^imk^  tlie  arytenoid  cartilage; 
the  downward  part  oi  the  pull  of  each  is,  thus,  alone  left,  and 
this  causes  the  arytenoid  to  slip  <iirirTiiffi wit  mill  om^hp Mil u,  off 
the  eminence  on  the  cricoid  with  which  it  articulates,  as  far 
as  the  loose  capsular  ligament  of  the  joint  will  allow.  The 
arytenoid  cartilages  are  thus  moved  apart  and  the  glottis 
greatly  widened  and   brought  tuto  its  state  in  dtrntf^^^^fmi 
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breathing,  Otlier  nuisclea  approximate  the  arytenoid  carti- 
lages aftijr  the  cartihiges  have  been  sepuiated.     The  most  im- 

portiint  18  the  riiiaiiiiMlllH  m  jrr '  i'  (J,  Fig,  183),  which  mus 

across  from  one  arytenoid  cartilage  to  the  other.  Another  is 
the  QblVff^-nfffhnmri  ( Taep),  which  runs  across  the  middle 
line  from  the  biise  of  one  arytenoid  to  the  tip  of  the  other; 
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Fio  1«S  -Th#»  Imnrnx  ii«*ii  from  h^hinrl  ami  <Ii*s»K^«d  »m  lodiftpjaj  Bnmc  of 
iU  tatucitfiL  Th^  mucou«  inembrane  of  i\m  fmnt  c»f  Uii»  pharyax  (A,  Fijc.  157>  has 
IkMm  diaarci«Ml  «whj.  »r»  <u«  to  ilisplny  the  Uryng^Al  muaclcie  benc«th  it.  Parf  of 
the  left  half  of  iti<«  tnrmM  c«rtilairp  hu  been  cm  aw*7.  oo,  eikrtilaic«  or  fian* 
torfuf ;  cif,  cartllagi^  of  VVrisbeiir. 


thence  certain  fibres  continne  in  the  aryteno-epiglottidean 
fold  (10,  Fig,  182)  to  the  base  of  the  epiglottis;  this,  with  it^ 
fellow,  embraces  the  whole  entry  to  the  larynx;  when  they 
contract  they  bend  inwards  the  tips  of  the  arytenoid  car* 
ttlages,  apfig>giiM»<iii  thg'WlgBi  uf  ili»Hiryi»iW"gpiglgHtflemD 
fold,  and  dry^dowft  ib#  »f^<gi<iUi»>  and  so  close  the  passage 
from  the  pharynx  to  the  Liryux.  When  the  epiglottis  has 
been  removed,  "fvM  and  drink  rarely  enter  the  larynx  in 
swallowing,  the  folds  of  mneous  membrane  being  so  brought 
together  as  to  effectually  close  the  aperture  between  them. 

Increased  tension  nf  the  vocal  cortls  is  prmhiced  by  the 
crim'thyroid  mnsrlts,  one  of  which  lies  on  each  side  of  the 
larynx,  over  the  crico  thyroid  membrane.    Their  action  may 
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be  understood  by  help  of  the  diagrajjt,  Fig,  184,  in  which  t 
represseiits  the  thyroid  ear  Li  luge,  c 
l\m  cricoid,  a  an  urvtenoi^l,  and  vc 


a  vuual  cord.     The  muscle 
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oblitjuely  buck  wards  and  upwards 
froiu  about  d  neur  tlie  front  cud  ol 
v\  to  /,  about  li  nuiir  iliu  pivot  (which 
reprtj:^cnts  tbe  jciint  between  the 
cricoid  cartihige  and  the  inferior 
horn  of  the  thyroid).  When  the 
muscle  contracts  it  pulls  together 
the  anterior  ends  of  /  and  c;  either 
by  depressing  the  tliyroid  (its  rep- 
reseuted  by  the  dotted  lines)  or  by  raising  the  front  end  of 
tlie  cricoid;  nnd  thus  stretches  the  vocal  cord,  if  the  arv- 
teuoid  cartihigea  be  lick!  from  slipiiiug  forwards.  The  an- 
tagonfst  of  the  crico-thyroid  is  the  thyro-arytenoid  muscle; 
it  lies,  on  each  side,  imbedded  in  the  fold  of  elastic  tissue 
forming  the  vocal  ctird,  and  passes  from  the  inside  of  the 
angle  of  the  thyroid  CMrtilage  iti  front,  In  the  anterior  angle 
and  front  surface  of  the  arytenoid  behind.  If  the  latter  be 
hehl  firm,  the  muscle  raises  the  thyToid  cartilage  from  the 
posiiion  into  winch  the  crico-thyroid  pulls  it  down,  and  so 
shickens  the  vocal  cords.  If  the  thyroid  be  held  fixed  by  the 
crieo-thyroitl  ninscle,  the  thyro-arytenoid  will  help  to  approxi- 
mate the  vocal  cords,  rotating  inwards  tlie  vocal  processes  of 
the  arytenoids. 

The  lengthening  of  the  vocal  cords  when  the  thyroid 
cartilage  is  depressed  tends  to  lower  their  pitch;  the  in- 
creased tension,  however,  more  than  compensates  for  this 
and  raises  it.  There  seems,  however,  still  another  method 
by  which  high  notes  are  prtwinced.  Beginning  at  the  hot* 
torn  of  his  register,  a  singer  can  go  on  up  the  sciile  some  dis- 
tance without  a  Wink;  hut,  then,  to  reach  his  higher  notes, 
must  pause,  rearrange  his  larynx,  and  begin  again.  What 
happens  is  that,  at  first,  tlie  vocal  processes  are  turned  in,  so 
as  to  approximate  hut  not  to  meet;  the  whole  length  of  efich 
edge  of  the  glottis  then  vibrates,  and  its  tension  is  increased, 
and  the  j>itch  of  the  note  raii^ed,  by  increasing  contraction  of 
the  crico-thyroid.  At  last  this  attains  its  limit  and  a  new 
method  has  to  he  adopted.  The  vocal  processes  arc  more 
rolled   in,  until    they   touch.      This  produces  a  -nodt    (see 
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Physics)  at  that  point  and  shortens  the  length  of  Tocal  cord 
which  vibriites.  The  shorter  etMny  emits  a  higher  note;  so 
tlie  crico- thyroid  is  relaxed,  and  then  again  gradually  tight- 
ened as  the  notes  sung  are  raised  in  pitch  from  the  new 
starting-point.  To  pass  easily  and  imperceptibly  from  one 
such  arrangement  of  the  larynx  to  another  is  a  graafc  tupfc  in 
mngiflg.  There  is  some  reason  to  believe  that  a  second  node 
may,  for  still  higher  notes,  be  produced  at  a  more  anterior 
point  on  the  vocal  cords. 

The  method  of  production  oifnhtiii)  n\}ith  f8'"TIUCUl  tain ; 
during  their  emission  the  it&^A^or^r  of  the  vocal  cords 
alone  vibrates. 

The  range  of  the  human  voice  is  about  three  octaves, 
from  e  (80  vib.  per  1")  on  the  unaccented  octave,  in  male 
voices,  to  c  on  the  thrice-accented  octave  (1024  vib.  per  1"), 
in  female.  Great  singers  of  course  go  beyond  this  range; 
basses  have  been  known  to  take  a  on  the  great  octave  (55 
vib.  per  1") ;  and  Nilsson  in  **  II  Flauto  Magico^used  to  take 
/on  the  fourth  accented  octave  (1408  vib.  per  1").  Mozart 
heard  at  Parma,  in  1770,  an  Italian  songstress  whose  voice 
had  the  extraordinary  range  from  g  in  the  first  accented 
octave  (198  vib.  per  1")  to  c  on  the  fifth  accented  octave 
('^112  vib.  per  1").  An  ordinary  good  bass  voice  has  a  com- 
pass from  f(S9^  vib.  per  1")  to\/"  (-297  vib.  per  1");  and  a 
soprano  from  //  (248  vib.  per  1")  to  (/"  (792). 

Vowels  are,  primarily,  eonipoiuul  musical  tones  produced 
in  the  Itirvnx.  Accomj>anying  the  primary  partial  of  each, 
which  determines  its  pitch  when  said  or  sung,  are  a  number 
of  upper  partials,  the  first  five  or  six  being  recognizable  in 
good  full  voices.  Certain  of  these  upper  partials  are  rein- 
forced in  the  mouth  to  produce  one  vowel,  and  others  for 
other  vowels:  so  that  the  various  vow^  «mi«d8  are  really 
muiiical  notes  (lifTerins:  from  one  another  in  timbre.  The 
month  and  throat  cavities  form  an  air-chamber  above  tlie 
larynx,  and  this  has  a  note  of  its  own  which  varies  with  its 
size  and  form,  as  may  he  observed  by  opening  the  mouth 
widely,  with  the  lips  retracted  and  the  cheeks  tense;  then 
gradually  closing  it  and  protruding  the  lips,  meanwhile  tap- 
ping the  cheek.  As  the  mouth  changes  its  form  the  note 
produced  changes,  tending  in  general  to  pass  from  a  higher 
to  a  lower  pitch  and  suggesting  to  the  ear  at  the  same  time  a 
ohange  from  the  sound  of  a  (father)  through  5  (more)  to  oo 
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(moor).  When  the  mouth  mid  throat  chambers  are  so  ar- 
ranged that  the  air  in  them  has  a  vibratory  rate  in  unisoti 
with  any  purtial  in  the  larytigeal  tone,  it  will  be  set  in  sym- 
patboLic  vibrution,  that  {tartial  will  be  strengtlienetl,  and  the 
vowel  characterized  by  it  uttered.  As  tbe  mouth  alters  its 
form,  although  the  same  note  be  etill  suug^  the  vowel  changes. 
In  tbe  above  series  (a,  6,  oo)  the  tong^ue  is  depressed  and  the 
cavity  tortus  one  chamber;  for  iLlbis  has  a  wid»  iaoath  op^n* 
ing;  for  o  it  kiMurw>w«d;  for  oo  atill  more  narrowed,  and  tbe 
lips  protruded  so  as  to  increase  tbe  length  of  tbe  resonance 
chamber.  The  partial  tones  reinforced  in  each  case  are,  ac* 
cording  to  Helmholtz — 


In  other  cases  the  moutli  and  throat  cavity  is  partially  sub- 
divided, by  elevating  tbe  tongue,  into  a  w4<J#  J>o«tefior  and  a 
narrow  auterior  part,  eadr^of  wbieli  has  its  ow»  note;  and 
tbe  vowels  tbns  produced  owe  their  character  to  two  rein- 
forced partials.  This  is  the  case  with  tbe  series  a  (m^n),  j^ 
(tb^re),  and  i  (macbnie),  tbe  tones  reinforced  by  resonance 
in  the  mouth  being — 

s,  I  § 


m 


E 


"rm 


It 

The  usnaKj^of  English,  as  in  spVi^f,  is  not  a  true  simple 
▼owel  but  a  dif^tthrrn^T'consi sting  of  a  {pad)  followed  by  ^ 
(f^<?t),  as  may  he  observed  by  trying  to  sing  a  sustained  note 
to  the  sound  i;  it  will  then  be  seen  that  it  begins  as  a  and 
ends  as  ce.  A  simple  vowel  can  be  maintained  pure  as  long 
as  tbe  breath  holds  out. 

In  uttering  fc»uo  vawal^unds  the  soft  fTtilatttrfrTfltred  so 
as  to  cirb-i^  the  air  iit  tb#  irtMi©,  which,  thus,  does  not  take 
part  in  tbe  sym|»athetic  resonance.  For  some  other  sounds 
(the  semi- vowels  or  rcnunmfrfA)  the  initial  step  is,  as  in  tlie 
ease  of  the  true  vowels,  tbe  production  of  a  laryngeal  tone; 
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but  the  soft  palate  is  not  raised,  and  the  mouth  exit  is  more 
or  less  closed  by  the  lips  or  the  tongue;  hence  the  blast  partly 
issues  through  the^MU^and  the  air  there  takes  part  in  the 
vibrations  and  gives  them  a  special  character;  this  is  the  case 
with  frrrn,  iiWd  )\§. 

Consonants  are  sounds  produced  not  mainly  by  the  vocal 
cords,  but  by  '*^^^'^ratiirrini  1^  l^r  irnyimtif  ry  VlnTrlTrn  its  way 
thrmigh  ihiT  nimitb      Tlie  current  may  be  m^^mmmifted  and 
the  sound  changed  by  the  lljB  ^^i^A/fHJ^  or,  at  or  uear  the 
teeth,  by  the  tip  of  the  toi>gue  {!ht\tah)\  or, in  the  throat,  by 
the  r?)^^f  the  tongue  and  the  soft  palate  (^uii^MMifa).     Con- 
sonants are  also   characterized   by   the   kind  of   movement 
which  gives  rise  to  them.     In  eTpio^ives  an  interruption  to 
the  passage  of  the  air-current  is  suddenly  interposed  or  re- 
moved (P,  T,  B,  D,  K,  G).     Other  consonants  are  cdrUiiiuous 
(as  F,  S,  R),and  may  be  subdivided  into — (1)  aspirates,  cUslt- 
acterized  by  the  sound  produced  by  a  rush  of  air  through  a 
narrow  passage,  as  when  the  lips  are  approximated  (F),  or  the 
teeth  (S),or  the  tongue  is  brought  near  the  palate  (Sh),or  its 
tip  against  the  two  rows  of  teeth,  they  not  being  quite  in 
contact  (Th).     For  L  the  tongue  is  put  against  the  hard 
palate  an<l   the  air  escapes  on  its  sides.     For  Ch  (as  in  the 
j)roper  Scotch  pronuiieiation  of  lorh)  tlie  passage  between  the 
back  of  the  tongue  and   tlie   soft  palate  is  narrowed.     To 
many  of  the  above  pute  consonants  answer  others,  in  whose 
production  true  vocalization   (i^.  a  Iftryrr^rPa^  tone)  takes  a 
parr.     V  witli  some  voice  becomes  V;  S  becomes  Z,  Th  soft, 
(tee///)  becomes  Th  lianl ;   and   Ch    becomes  Oh.     (2),j^o- 
fia?its:  these    liave  been  referred  to  above.     (3)  vibratories 
(the  ditlereiit  forms  of  li).  wliicli    are  due  to  vibrations   of 
parts  bonn<lincr  a  constriction  put  in  tlie  course  of  the  air- 
current.     Onlinary  \\  is  due  to  vibrations  of  t^he-^p  of  the 
t4M^jrH«  held  near  the  hard  palate;  and  gutlural  B  to  vibra- 
tions of  the  uvwln-and  parts  of  tlie  pharynx. 

'J'he  consonants  may  physiologically  be  classified  as  in  the 
following  table  (Foster): 

Explosives.    Lahi>ih,  without  voice P. 

•*         witli  voire B. 

Diutah,  without  voice...    .T. 

*•         with  voice   I>. 

GutturnUt^  without  voice. .  .K. 

*•  with  voice (*  (hard). 
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Aapirates.      LtihiitU,  witbnut  voic*. F. 

"        with  voic« V, 

DtntaU,  without  voice S,  L.  Sh.  Th  (hard). 

with  voicu Z,  Zh  (a^Qrej,  Tb  (boft)* 

OuUurak,  without  voice, .  .Ch  {loch), 
**         with  voice  ,,. ,  .CU. 

Besonants.     DihiiU , .  M. 

Ikiiiai . ,..  N. 

Gtittttral -.NO. 

"Vibratories,  LaHul — not  uaod  in  European  lanp-uajjes. 

Dciiltil . H  (foiiiinon). 

Guttural ,,Ai  (g^uiiural). 

H  is  a  laryngeal  souiul:  tlie  vocal  oorIb  are  separated  for 
its  production,  yet  not  so  far  m  in  quiet  breathing.  The  air- 
current  then  produces  a  friction  sound  but  not  a  true  note, 
as  it  piisses  the  glottis;  and  this  is  Mgain  modified  when  the 
current  strikes  the  wall  of  the  pharynx.  Simple  siuliien 
closure  of  tlie  glottis,  attended  with  no  soutkL  is  also  a 
epeech  element,  though  we  do  not  itulieate  it  with  a  special 
letter,  since  it  is  always  understood  when  a  word  begins  with 
a  vowel,  and  only  rarely  is  used  ut  other  times.  The  Greeks 
had  a  special  sign  ivr  }l^\  the  m/i  bred  thing;  and  another,  ^  ^ 
*,  the  hard  breathing^  atiBwering  somewhat  to  our  /*  atjd  indi-  ^JLw^ 
cat i Tig  that  the  larynx  was  to  be  held  oi>en,  so  as  to  give  a 
friction  sound,  but  not  voice. 

In  whispering  there  is  no  ti'ue  vaice;  the  latter  implies 
true  tones,  and  these  are  otdy  produced  by  periodic  vibra- 
tions; whispering  is  a-iiinji  To  produce  it  the  glottis  is 
considerably  narrowed  but  the  cords  are  uoLso  stretched  as  to 
produce  a  8hacply.cla£ii4Mi  eUga  on  them,  and  tfic  air  driven 
past  is  then  thrown  into  irvttpfulAr-  ihWh^nmis,  Such  vibra- 
tions as  coincide  in  period  with  the  air  in  the  mouth  and 
throat  are  always  present  in  sutiicieiit  number  to  characterize 
the  vowels;  and  the  cnnsonatits  are  produced  in  the  ordinary 
way,  though  the  distinction  between  such  letters  as  F  and  B, 
F  and  V,  remains  imperfect. 


CUAPTER  XXXIX. 

REPRODUCTION. 

Beproduotion  in  General.  In  all  cases  reproduction 
consists,  essentially,  in  the  separation  of  a  portion  of  living 
matter  from  a  parent;  the  separated  part  bearing  with  it^  or 
inheritingj  certain  tendencies  to  repeat,  with  more  or  less 
variation,  the  life  history  of  its  progenitor.  In  the  more 
simple  cases  a  parent  merely  divides  into  two  or  more  pieces, 
each  resembling  itself  except  in  size;  these  then  grow  and 
repeat  the  process;  as,  for  instance,  in  the  case  of  Amoeba  and 
our  own  white  blood  corpuscles  (pp.  '^3,  44).  Such  a  process 
may  be  summed  up  in  two  words  as  discontinuous  growth; 
the  mass,  instead  of  increasing  in  size  without  segmentation, 
divides  as  it  grows,  and  so  forms  independent  living  beings. 
In  some  tolerably  coni})lex  multicellular  animals  we  find 
essentially  the  same  thing;  at  times  certain  cells  of  the  fresh- 
wator  Polype  niultij)ly  l>y  simple  division  in  the  manner 
above  described,  but  there  is  a  certain  concert  between  them: 
they  build  uj)  a  tube  projecting  from  the  side  of  the  parent,  a 
mouth-oj)ening  forms  at  the  distal  end  of  this,  tentacles 
sprout  out  around  it,  and  only  when  thus  completely  built  up 
and  equipj>ed  is  the  youni;  Hydra  set  loose  on  its  own  career. 
How  closely  such  a  mode  of  multiplication  is  allied  to  mere 
growth  is  shown  by  other  polypes  in  which  the  young,  thus 
formed,  remain  {)ernianently  attached  to  the  parent  stem,  so 
that  a  compound  animal  results.  This  mode  of  reproduction 
(known  as  f/em/nafiofi  or  Innldimj)  may  be  compared  to  the 
method  in  wlii(^h  many  of  the  ancient  Greek  colonies  were 
founded;  carefully  orjranized  and  prejmred  at  home,  they 
were  sent  out  with  a  due  proportion  of  artificers  of  various 
kinds;  so  that  the  new  commonwealth  had  from  its  first  sep- 
aration a  considerable  division  of  employments  in  it,  and  was, 
on  a  small  scale,  a  re})etition  of  the  ]>arent  community.  In 
the  ^reat  majority  of  animals,  however  (even  those  which  at 
times  multiply  by  budding),  a  dilTerent  mode  of  reproduction 
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occurs,  one  more  like  that  by  which  our  weetani  lands  were 
settled  and  gmdtudly  built  up  Itito  Territoriea  and  States, 
The  new  individual  in  tlie  political  world  beg^an  with  little 
ditfereutiation;  it  consisted  of  units,  separated  from  older  and 
highly  organized  fiocietie^,  and  these  units  at  first  did  pretty 
much  everything,  each  inau  for  himself,  with  more  or  leas 
eftiuiency.  As  gruwtli  toak  idsu^e  deviduj>iutMit  also  occurred; 
persons  assumed  dillerent  duties  and  performed  different 
work  until,  llnallyy  a  fully  orgauized  State  was  formed. 
Similarly^  the  body  of  one  of  the  higher  anitmtls  isi  at  an 
early  stage  of  life,  merely  a  collectioa  of  undittereutiated 
cells,  each  capublc  of  mult ipli cat ioti  by  division,  and  more  or 
leas  retaining  all  its  original  protoplasmic  properties;  and 
with  no  specific  individual  endow  men  t  or  function.  The 
mass  (Chap,  III.)  then  slowly  differentiates  into  the  various 
tissues,  each  with  a  predominant  character  and  duty;  at  the 
same  time  the  majority  of  the  cells  lose  their  primitive  powers 
of  reproduction,  tliough  exactly  how  completely  is  a  problem 
not  yet  sufMciently  studied*  In  iiduk  Vertebrates  it  seems 
certain  that  the  white  blood  corpuscles  multiply  by  division: 
and  in  some  cases  (in  the  newts  or  tritons,  for  example)  a 
limb  is  reproduced  after  amputation.  But  exactly  what  cells  \ 
take  pEirt  in  such  restorative  processes  is  uncertain;  we  do 
not  know  if  the  okl  bone  corpuscles  left  form  new  bones,  old 
miiscle-tibrea  new  muscles,  and  so  on;  though  it  is  probable 
tlml  the  lilth'-differentiidi*d  leucocytes  Inuld  up  most  of  the 
new  limb.  In  Mammals  no  such  restoration  occurs;  an  am- 
putated leg  may  heal  at  the  stump  but  does  not  form  again. 
In  the  healing  processes  the  connective  tissues  play  the  main 
part,  as  we  might  expect;  their  cellular  elements  being  but 
little  motlifieil  from  their  primitive  state  (p.  102)  can  still 
multiply  and  develop.  New  blood  capillaries,  however,  sprout 
ont  fron»  the  sides  of  old,  and  new  epidermis  seems  only  to  be 
formed  by  the  multiplication  of  epidermic  cells;  hence  the 
practi<H\  frequently  adopted  by  surgeons,  of  transjdanting 
little  bits  of  gkjp  to  points  on  the  surface  of  an  extensive 
burn  or  ulcer.  In  blood  capillaries  and  epidermis  the  de-- 
parture  from  the  primary  undifferentiated  cell  is  but  slight; 
and.  as  regards  the  cuticle,  one  of  the  permanent  phypiidogi- 
c!il  charaeters  of  the  cells  of  the  rete  muvosum  is  their  rnnlti- 
plicatioij  throughout  tlie  whole  of  life;  that  is  a  main  physio- 
logical characteristic  of  the  tissue:  the  same  is  very  probably 
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true  of  th^  protoplasmic  cells  forming  the  walls  of  the  capil- 
laries.    When  a  highly  differentiated   tissue  is   replaced  in 
the  body  of  mammuls  after  breaking  down  or  removal,  it  is 
usually  by  the  activity  of  special  cells  set  apart  for  that  pur- 
pose, or  by  repair  or  outgrowth  of  the  cells  affected  and  not 
by  their  division.     The  red-  -btGbd' corpuscles  are  constantly 
being  broken  down  and  >ojii»eefd,  but  the  new  ones  are 
formed  by  the  divieimi  of  already  fully  formed  corpuscles  but 
by  certain   special  hmmatoMasfic  Ml^  retained   throughout 
life  in  the  red  marrow  of  bone  and  perhaps  in  the  spleen. 
The  nervous  tissues  are  highly  differentiated  and  a  nerve  is 
often  regenerated  after  division,  but  this  is  by  outgrowth  of 
the  ends  of  axis  cylinders  still  attached  to  their  cells  and  by 
secondary  formation  of  a  medullary  sheath  around  these,  and 
not   by  division  or  multiplication  of  already  existing  fibres. 
A  striped  muscle  when  cut  across  is  healed  by  the  formation 
of  Ji  band  of  connect ivo  tissue;  after  a  very  lon^j  time  it  is 
saitl  that  true  muscular  fibres  may  be  found  in  the  cicatrix, 
but  their  origin  is  not  known;  it  is  probably  not  from  pre- 
viously developed  muscle  fibres.     On  the  other  hand,  the  less 
differentiated  unstriated  muscle  has  been  observed  to  be  re- 
paired in  some  eases  afier  injury  by  true  karyokinetic  division 
of   previously  formed   muscle  cells.     Although  many  gland- 
cells  in  the  performance  of  their  p]iysiolo<rical  work  are  par- 
tially   broken    down    and    lost  in    their  secretion,  and   then 
repaired  bv  the  residue  of  the  cell,  multiplication  by  division 
of  fully  differentiated  gland-cells  does  not  appear  to  occur,  if 
we  excej)t  such  organs  as  the  testes,  the  secretion  of  which 
consists  essentially  of  cells.     An  excised  portion  of  a  salivary 
.  or  ])arotid  t^^land  is  never  regenerated:  the  wound  is  repaired 
by  connective  tissues. 

We  find,  then,  as  we  ascend  in  the  animal  scale  a  dimmwh- 
ing  reproductive  ])ower  in  the  tissues  generally:  with  the 
imureasiiig  divi»*ion  of  ])hysiological  labor,  with  the  changes 
that  tit  pre-eminently  for  one  work,  there  is  a  luiii  uf  u^Iim' 
facnlttps,  and  this  one  among  them.  Tlie  i^ore  specialized  a 
tissue  the  less  the  reproductive  power  of  its  elements,  and  the 
most  differentiated  tissues  are  either  not  reproduced  at  all  after 
injury,  or  only  by  the  specialization  of  anueboid  cells,  and  not 
by  a  ])rogenitive  activity  of  survivors  of  the  same  kind  as  those 
destroyed.  In  none  of  the  higher  animals,  therefore,  do  we 
find  multiplication  bv  simple  divisi(m,  or  bv  budding:  no  one 
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cell,  and  no  group  of  cells  used  for  tfii*  plivsiiological  niaiu te- 
nant^ of  the  Individ  Hill,  can  liuild  up  u  lu^w  complete  living 
being;  but  tbe  eontiiiuance  of  tlie  rtiee  is  speeially  provided 
for  by  setting  apart  certidn  cells  winch  Bhall  have  this  one 
property — cells  who^^e  duty  is  to  the  species  and  not  to  any  one 
representative  of  it — -an  essentially  altruistic  clement  in  the 
otherwise  egoistic  whole. 

o-*'»'»»ai  'DA^«nii*tA^iij^tinri      T«  ariiTi^  €\*xa£u£.   (j't^peciall v  anionff 
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The  Male  Beproduotive  Organs.  The  testes  iu  man  are 
paired  tubular  glands,  which  lie  in  a  pouch  of  skin  called  the 
scrotum.  This  pouch  is  subdivided  internally  by  a  partition 
into  right  and  left  chambers,  in  each  of  which  a  testicle  lies. 
The  chambers  are  lined  inside  by  a  serous  membrane,  the 
tunica  vaginalis^  and  this  doubles  back  (like  the  pleura  round 
the  lung)  and  covei^s  the  exterior  of  the  ghuid.  Between  the 
external  and  reflected  layers  of  the  tunica  vaginalis  is  a  space 
containing  a  small  quantity  of  lymph. 

The  testicles  develop  in  the  abdominal  cavity,  and  only 
later  (though  commonly  before  birth)  descend  into  the  scrotum, 
passing  through  apertures  in  the  muscles,  etc.,  of  the  abdom- 
inal wall,  and  tlien  sliding  down  over  the  front  of  the  pubes, 
beneath  the  skin.     The  cavity  of  the  tunica  vaginalis  at  first 
is  a  mere  offshoot  of  tiie  peritoneiil  cavity,  and  its  serous  mem- 
brane is  originally  a  part  of  the  peritoneum.    In  the  early  years 
of  life  the  ptissage  along  which  the  testis  passes  usually  becomes 
nearly  closed  up,  and  the  communication  between  the  peri- 
toneal cavity  and  that  of  the  tunica  vaginalis  is  also  obliterated. 
Traces  of  this  passage  can,  however,  readily  be  observed  in 
male  infants;  if  the  skin  inside  the  thigh  be  tickled  a  muscle 
lying  beneath  the  skin  of  the  scrotum  is 
made  to  contract  reflexly,  and  the  testis 
is  jerked  up   some    way    towards    the 
abdomen  and  (piite  out  of  the  scrotum. 
Sometimes  the  pasi^age    remains    j>er- 
manently  o})en  and  a  coil  of  intestine 
may  descend  along   it  and  enter  the 
scrotum,     constituting     an     inguinal 
hernia  or  rupture.     A  hgdrocele  is  an 
excessive  accumulation  of  liquid  in  the 
serous  cavity  of  tlie  tunica  vaginalis. 

Beneath  its  covering  of  serous  mem- 
brane eacli  testis  has  a  ])roper  fibrous 
tunic  of  its  own.  This  forms  a  thick 
mass  on  tlK^  posterior  side  of  the  gland, 
from  which  ])artitions  or  septa  (/,  Fig. 
ISf))  radiate,  subdividing  the  gland 
into  many  clianibers.  In  each  chamber 
lie  several  greatly  coiled  setuiuifrrous  tuhules,  a,  a,  averaging  in 
len<xth  ()j;S  metre  ("-27  inches)  and  in  diameter  only  0.14  mm. 
{j^^  inch).     Their  total  number  in  each  gland  is  about  800. 


Fio.  IWo.— Diajrram  of  a 
v»Ttii-al  section  ihiuu^h  tlu» 
testis.  <i,  (I,  (iil)uli  >einnii- 
fi'ri:  /».  vasa  ivcta:  d.  vasa 
elTtMt-ntia  fiidiiiK  i»>  tlit^ 
coni  vascnlosi:  r,  e.  epidi- 
dymis,    /i,  vas  (ieft/rens. 
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Near  the  pf^steriar  side  of  the  testis  the  tnbules  unite  to  form 
about  *-i()  rasa  nrfa  (b),  luul  thci^e  pai^s  out  of  the  gluiid  at  its 
upper  enti,  lis  ihe  rtrsa  ('jf't'n'uiia  (ti)^  which  beeooie  cuile<!  up 
into  coiiiL'uI  mtiisses,  the  coni  vascitlfm;  these,  when  iiu rolled, 
are  tubes  from  15  to  *2U  em.  (i\-H  inehes)  in  length ;  they  taper 
somewhat  from  their  commencements  at  the  \tisii  etTerentia, 
where  tliey  are  0.5  nmu  (i\  ineli)  in  diameter,  to  tlie  other 
end  where  they  terminate  in  the  epuiidf/miif  (ey  f,  Fig.  185). 
The  latter  is  a  narrow  rna^,  slightly  longer  than  the  testicle, 
which  iies  along  the  posterior  side  of  that  organ,  near  the  lower 
end  of  winch  it  parses  (fj)  :nto  the  ritf(  f/rfrrens,  h.  If  the 
epididymis  be  cure  fully  urn'avelled  it  is  found  to  coimst  of  a 
tube  about  0  metres  {W  feet)  in  length,  and  varying  in  diam- 
eter from  0,35  to  0,25  mm.  (y^j  to  ^^  inch). 

The  vm  dcf evens  {/i,  Fig.  185)  commences  at  the  lower 
part  of  the  epidid^Tnis  as  a  coiled  tube,  but  it  soon  ceases  to  be 
convoluted  and  passes  up  beneath  tlie  skin  covering  the  inner 
part  of  the  groin,  till  it  gets  above  the  pelvis  and  tlien,  passing 
through  the  abdonnnal  walls,  turns  inwards,  backwiirds»  and 
downwards,  to  the  under  side  of  the  uriniiry  bladder,  where  it 
joins  the  duct  of  tlie  seminal  vesicle;  it  is  about  OJi  meters 
(2  feet)  in  length  and  2.5  mm.  (/.^  inch)  in  diameter.  Its 
lining  epithelium  is  eilistii'd. 

Hie  venifitlw  .sfmififiiesy  two  in  number,  are  membranous 
receptacles  which  lie,  one  on  each  side,  beneath  the  bladder, 
l>etween  it  and  the  rectum.  They  are  connnonly  about  5  cm, 
(2  inches)  long  and  a  little  moi'e  than  a  centimetre  wide  (or 
about  M.5  inch)  at  their  l>roadest  part.  The  narrowed  end  of 
each  enters  tiie  vas  deferens  on  its  own  side,  the  tube  formed 
by  the  union  being  the  ejarulaiortj  dud^  which,  after  a  course 
of  about  an  inch,  enters  the  urethra  near  the  neck  of  the 
bladder.  In  some  aninnds  the  venirttia*  ifttfiinaies  form  a  liquid 
which  is  added  to  the  secretion  of  the  testis.  In  man  they 
appear  to  be  merely  reservoirs  in  which  the  semen  collects. 

The  proslafe  ^htttd  is  a  dense  body,  about  the  size  of  a 
large  cliestnut,  which  surrounds  the  commencement  of  the 
urethra;  the  ejaeidatory  ducts  pass  through  it.  It  is  largely 
made  up  of  fibrous  and  unstrified  muscular  tissues,  but  con- 
tftins  also  a  number  of  small  secreting  sivccules  whose  ducts 
open  into  the  urethra.  The  prostatic  secretion  though  small 
in  amount  would  appear  to  be  of  miportance:  at  legist  the 
gland  remains  undeveloped  in  persons  who  have  been  castrated 
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in  childhood;  and  atropines  after  removal  of  the  testicles  later 
in  life. 

The  male  urethra  leads  from  the  bladder  to  the  end  of  the 
penis,  where  it  terminates  in  an  ojyening,  the  meatus  uri nanus. 
It  is  described  by  anatomists  as  made  up  of  three  portions, 
the  prostatic,  the  membranous,  and  the  spongy.  The  first  is 
surrounded  by  the  prostate  gland  and  receives  the  ejaculatory 
ducts.  On  its  posterior  wall,  close  to  the  bladder,  is  an  eleva- 
tion containing  erectile  tissues  (see  below)  and  supi)osed  to  be 
dilated  during  sexual  congress,  so  as  to  cut  off  the  passage  to 
the  urinary  receptacle.  On  this  crest  is  an  opening  leading 
into  a  small  recess,  the  uUeide^  which  is  of  interest,  since  the 
study  of  its  emhijiftiggy  shows  it  to  be  an  undeveloped  male 
HiaciM.  The  succeeding  membranous  portion  of  the  urethra 
is  about  1.8  cm.  (J  inch)  long;  the  spongy  portion  lies  in  the 
penis. 

T\\Q  penis  is  composed  mainly  oi  erectile  tissue^  i,e,^  tissues 
so  arranged  as  to  inclose  cavities  which  can  be  distended  by 
blood.  Covered  outside  by  the  skin,  internally  it  is  made  up 
of  three  elongated  cylindrical  masses,  two  of  which,  the  corpora 
cavernosa^  lie  on  its  anterior  side;  the  thirtl,  the  corpus  spongi- 
osum, surrounds  the  uretlira  and  lies  on  the  posterior  side  of 
the  in'ij^ww  for  most  of  its  lenirth;  it,  however,  jdone  forms 
the  teniiiiiid  dilatutioii,  or  f//ff/is,  of  the  penis.  Yydch  rorpvs 
rnvenufsum  is  closely  united  to  its  fellow  in  the  middle  line 
and  extends  from  tlie  ])iibie  bones,  to  which  it  is  attached 
behind,  to  the  <(l:ins  penis  in  front.  It  is  enveloped  in  a  dense 
connective-tissue  capsule  from  which  numerous  bars,  contain- 
\\\^  white  fibrous,  elastic,  and  unstriped  muscular  tissues, 
radiate  and  intersect  in  all  directions,  dividing  its  interior  into 
many  irregular  chambers  called  nnwus  sinuses.  Into  these 
blood  is  conveyed  partly  through  open  capillaries,  partly 
directly  by  the  open  ends  of  small  arteries;  this  blood  is  car- 
ried off  by  veins  proceeding  from  the  sinuses. 

The  arteries  of  the  penis  are  sup])lied  with  vaso-dilator 
nerves,  the  nerri  erif/eufrs,  derived  from  the  sacral  plexus. 
Under  certain  conditions  these  are  stimulated  and,  the 
arteries  expanding,  blood  is  poured  into  the  venous  sinuses 
faster  than  the  veins  drain  it  olT;  the  latter  are  probably  also 
at  the  same  time  coni])ressed  where  they  leave  the  penis  by  the 
contraction  of  certain  muscles  ])assing  over  them.  Simul- 
taneouslv  the  involuntary  muscular  tissue  of  the  bars  ramifv- 
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ing  through  the  erectile  masses  relaxes.  As  a  result  the  whole 
org3Ui  bocuim's^  tlistondt*d  at^d  fioally  rigid  aii<l  erect.  The 
co-<jrdinutiiig  ventre  of  erect  ion  lies  in  the  1  tun  bar  region  of  the 
spinal  cord,  and  may  be  excited  I'eflexly  by  mechanical  stimu- 
lation of  tlie  penis,  or  under  the  influence  of  nervous  impulses 
originating  in  the  hniiti  and  associated  with  sexual  emotions. 
The  corpus  spongioauin  resondjles  the  corpom  cavernosa  in 
essential  structure  aud  funution. 

The  skin  of  the  jieuis  is  thin  and  forms  a  simple  hiyer  for 
some  distance;  towanls  tlic  end  of  the  organ  it  separates  luid 
forms  a  fold,  the  forvjih/i  or  prepna\  which  doubles  back, 
and,  becoming  soft,  moist,  red,  and  very  vascular,  covers  the 
glands  to  the  meaiua  urinarii(s,  where  it  becomes  continuous 
with  the  nuu'ous  membrane  of  tlie  urethra;  in  it,  near  the 
projecting  posterior  rim  of  the  glans,  are  imbedded  many 
sebitceous  glands.  It  possesses  nerve  end  organs  {genital 
corpuscles)  which  much  resemble  end  bulbs  in  structure. 

The  Sominal  Fluid.  The  essential  elements  of  the  tes- 
ticular secretion  are  much  modified  cells,  tlie  spermatoznn^ 
which  are  passed  out  with  some  albuminous 
spermatozoa  (Fig.  18(J)  are  motile  borlies  about 
0.04  m.m.  {^l^^  inch)  in  lengtlL  They  Iiave  a 
fliitterifd  clear  hodif  or  headmi4  a  long  vihratile 
iail  or  cilium  ;  the  ]iortion  of  the  tail  rjearest  to 
the  head  is  thicker  than  the  rest,  and  is  known 
as  the  neek.  The  mode  of  developmenl  of  a 
sperm atozoon  shows  that  the  head  is  a  eell-nn 
cleus  and 

^^J'  heii.l;   ft,  neck;  c 

On  cross-section  a  geminiferona  tubule  pre-  '*ii 
Bents  externally  a  well-marked  basement  membrane,  upon 
which  are  borne  several  layers  of  cells;  the  lumen  or  bore  of 
the  tubule  is  in  great  part  occupied  by  tlie  tails  of  sper- 
matozoa projecting  from  some  of  the  lining  cells.  The  outer 
cells,  those  next  the  bas^ement  memlirane,  are  arranged  in  a 
single  L'lyer,  and  are  usually  found  in  one  or  other  stage  of 
active  karyokiuctic  divisioTi  (p.  19).  Tbe  result  of  the  divi- 
sion is  an  outer  cell,  which  remains  next  the  basement  mem- 
brane to  repeat  the  process,  and  an  inner,  which  is  the  mother- 
ceU  of  spermatozoa.  The  latter  celi  by  repeated  mitotic  lii vi- 
sion give  rise  to  a  number  of  cells  lying  siih*  by  side  and  each 
having  a  relatively  large  rmcleus  and  small  cell-body.     These 


( 


Fro.  18  0,— Spen 

the  neck  and  tail  a  modified  cell-  SoViVbl^VmntViK" 
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cells  elongate,  the  nucleus  remaining  near  the  deeper  end  and 
the  protoplasm  extending  towards  the  lumeu  of  the  tubule, 
into   which   it  ultimately  projects.     Such   cells  are  spenna- 
toblasts,  and  lie  in  bunches  side  by  side  and   several    rows 
deep.     Interlaced  among  them  are  other  granular  supporting 
cells  of  the  epithelium,  wliich  are  probably  concerned  with 
the  nutrition  of  tlie  essential  cells.     The  final  step  by  which 
the  spermatoblast  is  converted  into  u  spermatozoon  is  a  karj- 
okinetic  division  into  two  unequal  cells:  a  part  of  the  nu- 
cleus with  a  little  of  the  protoplasm  separates  and  appears  to 
have  no  further  function;  the  remaining  part  of  the  nucleus 
(male  profiucleus)  remains  as  the  head  of  the  spermatozoon 
and   the   cell  protoplasm   develops  into  the  neck   and    tail. 
The  spermatozoa  appear    frequently   to   be  cast    off  before 
their  development  is  completed:    at  least   many    spermato- 
blasts  which   have  not  gone   through   the  final    stages   are 
found  in    the  vasa   recta,  and    even    in    the    vas    deferens. 
Probably   the   secretion    normally   collects    in   the    vesicul® 
seminales,  and  there  undergoes  its  final  elaboration. 

The  Beproductive  Organs  of  the  Female.  Each  ovary 
(o,  Fig.  187)  is  a  dense  oval  mass  about  3.25  cm.  (1.5  inches) 
in  length,  2  cm.  (0.T5  inch)  in  width,  and  1.27  cm.  (0.5  inch) 
in  thickness;  it  weighs  from  4  to  7  grams  (60-100  grains). 
The  orgjiiis  lie  in  the  pelvic  cavity  enveloped  in  a  fold  of 
j)eritoiieiiiu  (tlie  hroad  I{(/amcnf),  and  receive  blood-vessels 
and  nerves  along  one  border.  From  time  to  time  ova  reach 
the  surface,  burst  through  the  enveloping  peritoneum,  and 
are  received  by  the  wide  fringed  aj)erture,  /f,  of  the  oviduct 
or  Fallopian  tube,  od.  'J'liis  tube  narrows  towards  its  inner 
end,  wliere  it  coniniunicates  with  the  uterus,  and  is  lined  by 
a  inncous  membrane,  covered  by  ciliated  e])ithelium:  })lain 
muscular  tissue  is  also  developed  in  its  wall.  The  i(h:rus 
(/^  r.  Fig.  187)  is  a  hollow  organ,  with  relatively  thick  mus- 
cular walls  (left  unshaded  in  tin'  figure);  it  contains  the 
f(ptus  during  ])rcgnancy  and  expels  it  at  birth;  it  lies  in  the 
pelvis  between  the  urinary  bladderand  the  rectum  (Fig.  l^S); 
the  P'allopian  tubes  open  into  its  anterior  corners.  It  is  free 
ai>ove.  but  its  lower  end  is  attaclied  to  and  projects  into  tlie 
vagina.  In  the  fully  develoju'd  virgin  state  the  organ  is 
somewhat  pear-shaped,  but  flattened  from  before  back;  about 
7.5  cm.  (3  inclies)  in  length,  .">  cm.  {'2  inches)  in  breadth  at 
its  upper  widest  ])art,  and  2.5  cm.  (1  inch)  in  thickness;   it 
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weighs  from  25  to  ^'l  gmttis  (|  to  1^  oz.).  The  upper  wiiler 
portion  of  the  womb  \&  known  as  its  body;  the  cavity  of  this 
is  prodyced  at  each  sidij  to  meet  the  openings  of  the  Fallo- 
pian tubes,  and  narrows  below  to  the  neck,  or  cervix  uteri, 
opposite  €  (Fig.  187),  the  communication  between  neck  and 
body  cavities  being  known  as  the  w.s  internum.  Below  this 
the  neck  dilates  somewhat:  it  forms  no  part  of  the  cavity  io 
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Fio.  187*— Thf*  titefnii,  in  awtlon.  with  tb«  rfRht  Fftlloplan  tube  and  ovary,  aa 
seen  from  lM>bitid.  ationt  %  th»  naliiml  sbe.  u,  ujn>«*r  purt  of  iitt»ptn*;  c,  cervix; 
w,  upper  p»rt  of  vajdna;  od»  FaUoplan  tube;  fi,  iu  Ainhi  lated  extremity:  o» 
OTary;  pa,  parovardim. 

which  the  embryo  is  retained  and  nourislied.  The  lowest 
part  of  the  cervix  reaches  inio  the  vagina  and  commnnicates 
with  it  by  a  transverse  apcrtnro,  the  on  tderi.  During  ri^^fita- 
it  OH  or  pregnajtnf  the  fcptns  develops  in  tlie  body  of  the 
womb,  Tvhich  becomes  ^eatly  enlarged  and  rises  hisrh  into 
the  abdomen:  the  virgin  womb  lies  mainly  below  the  level  of 
the  bones  of  the  pelvis. 

The  chief  hulk  of  the  non-gravid  n terns  consists  of  a  coat 
of  plain  muscular  tissue,  arrangred  in  a  thin  outer  lonjs^tndinal 
layer,  and  an  inner,  thicker,  consisting  of  oblique  and  cir- 
cnlar  tibrea.  Between  the  hiyers  is  an  extensive  vascuhir  net- 
work, with  many  dihited  veins  nr  venous  sinuses.  The  mus- 
cnhtr  coat  is  lined  internally  by  a  ciliated  mucous  membrane, 
and  is  covered  externally  by  the  peritoneum,  bands  of  which 
project  from  each  side  of  it  as  the  hroail  h'qmncnf.^  (//,  Fig* 
IHT).  The  outer  layer  of  the  mneoui^  membrane  presents  a 
very  well  developed  vmncniari.^  muconm^  much  thicker  than 
the  corresponding  layer  in  the  gastric  or  intestinal  mucous 
nienibranes  and  much  less  sharply  marked  ofT  from  tlie 
true  muscular  coat  outside  it.     The  main  thickness  of  the 
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mucoiie  mombrune  congists  of  closely  set,  simple  or  filigblli 

brHneheJ»  tubular  gluruls;  between  tlK*se  is  a  close  blood- 
viiAcular  and  IvMJpbjitic  network.  The  gbiids  open  on  the 
interior  of  tfie  womb;  they  and  the  mucous  membrane  be- 
tween their  rt»ouths  nre  lined  by  a  single  layer  of  coluiniijir 
ciliated  cells,  with  &orae  goblet  cells  between  them.  In  the 
cervix  tht-  glands  are  ghorter,  and  many  of  the  epithelia.1 
celU  not  ciliMt^d.  The  viscid  mycm^  secreted  bj  the  uteriue 
glands  15  alkulinc  or  neutral. 


y^ 
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Tm.  188-— The  visi^fTO  of  th*»  f<»iiial»»  pr^h'ls  iw«  fxpos^!  hy  n  d(iinio^T^nrra.t  m^ 
dten  tdCtioti.  #.  •yjniiliytU  tHitii4<:  i^  r',  urhiiirv  bliu<<le)  .  u,  infthrm;  u.  ut^rxMSi 
«a,Vtt|^»a;  r,  t-*,  rvfiijin;  n.  atml  opeaiii^;  l^  Hifltt  Ittbiuitj.  mnjor;  *i,  ri>jht  riv  iii|;iIia; 

The  vagina  is  a  distensible  passiige,  extending  from  the 
uterus  to  the  exterior;  dorsally  it  rests  on  the  rectum,  and 
ventral ly  is  in  contact  with  the  bhuhlor  aTid  nrethra.  It  is 
lined  by  mucous  nunnhnoie,  tlie  qiithdium  of  whicli  is  much 
like  the  epidermis  bnt  thinner;  outside  the  mucous  membrane 
the  vagina  h  maile  u]i  of  areolar^  erectile,  and  unstriped  mus- 
cuhir  tissues,  Arnnnd  its  lower  end  is  a  ring  of  striated  mus- 
cular tissue,  the  apkinvier  vaguim. 
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The  vulva  is  a  geneml  term  for  all  the  portions  of  the  female 
generative  orguiia  vit^ible  from  the  exteriur.  Over  tlie  front  of 
the  |)elvis  the  skin  is5  elevated  by  udipose  tissne  beneuth  it,  ami 
forms  tlie  mmi^  Veneris.  From  this  two  folds  of  i*kin  (/,  Fig. 
IHiS),  the  hdna  majortt,  extend  downvvurtU  and  backwards  on 
eiicli  ^ide  of  a  median  cleft,  beyond  wliieh  tliey  again  unite. 
On  separating  the  labiit  ouijora  a  ^^hiilUnv  ffvuiio-unuart/  i<inuii, 
into  which  the  urethra  and  vagina  open,  is  expofied.  At  the 
upper  i>ortiou  of  this  sinus  lies  the  diiari^,  tv  small  and  very 
sensitive  ereetile  organ,  resembling  a  minialiire  iwnh  in  b^tiiic- 
ture,  except  that  it  has  no  eorims  spongiosum  an* I  is  not 
traversed  by  the  urethra,  tVom  the  clitoris  descend  two  folds 
of  mucous  mend>nnie,  the  fitftnphv  or  labki  intenHi^  between 
which  is  the  t^stilnde^  a  recess  containing,  above,  the  oj>enmg 
of  tfie  short  fenuile  urethra,  and,  below,  the  aperture  of  the 
vagina,  which  is  in  tlie  virgin  more  or  less  closed  by  a  thia 
doplicature  of  mucous  membrane,  the  ht/men. 


Fro   tW>— A  iN^stlAn  iii  •"  oT«rr.  consH^rnHv  ni«jrntfl<»d.    1*  oifitcr 

eftiwnre  of  nrJirv  2  ^  •'  '^trniiifi:  4,  blood -vess**!*:  6»  nidlnK^ntaiv  nraftflun  ff>l- 
Hdi**t:  fl  7  «  folllrW  lv>etnTTinc  to  ^-nljiry.*  iind  miitnre.  And  t^t^^Hnp  rr.^iii  the  wir- 
rn<N»*  n  n  Tifflrlv  rifw  Marfft  whtrh  U  *^^ctff^»nnit  townrdd  thp  HUTtac^  prepnrnloiT  lo 
rt!^4'hft^l^^Tl<^  tW  ovimi!  n.  mcmbrnnfi  prnniilo-q-r  h.  rli^iiR  proliitf  niji'  r,  ^7\»»]^- /*»" 
d.  ^f-rmttiRl  rf»\nU\  ftn-1  **  rnrmffial  -Twr  Th#»  e*»n*Tiil  favttv  of  Ui**  foliicic  (in 
whioh  !)  N  pHnrM)  i>»  (111*^1  wilh  lympl*  llk*^  tranfiifdatloii  Uqiii«l  fliiHn^are. 

MiorosGOplo  StTOctTire  of  the  Ovary.  The  main  mass  of 
the  r>varT  conRifsts  of  a  dense  eofinectiVp-fi^ne  afronm,  con- 
taininsr  nnstriii^'d  mupcle,  blood-ve?i?el8,  and  ner^'t^s;  ft  is 
covered  eTtemally  hva  peenliar  fffirnihml  efnfhrlhun,  and  con- 
tains iml>eddcd  in  it  many  minnte  ravitioiJ,  the  Graafian  faiUi- 
r?fl.i,  in  which  ora  lie.  If  a  thin  section  nf  an  ovar^'  be  examined 
with  the  miero!?cope  many  hundreds  of  small  rmiafian  follicles, 
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each  about  0/25  mm.  {^l^  inch)  in  diameter,  will  be  found 
imbedded  in  it  near  the  surface.    These  are  lined  by  cells,  and 
each  contains  a  single  ovum.     In  a  woman  of  child-bearing 
age  tliere  will  be  found  also,  deeper  in,  larger  follicles  (7,  8, 
9,  Fig.  189),  their  cavities  being  distended,  during-  life,  bj 
liqui<l ;  in  tliese  tlie  essential  structure  may  be  more  readily 
mjule  out.     Eacli  has  an  external  fibrous  coat  constituted  by 
a  dense  and  vjiscular  layer  of  the  ovarian  stroma;  within  tbis 
come  several  layers  of  lining  cells  (9,  «,  Fig.  189)  constituting 
tlie  membra na  granulosa.     At  one  point,  d,  the  cells  of  this 
layer  are   heaped   up,  forming  the  discus  proligeruSy  which 
projects  into  the  liquid  filling  the  cavity  of  the  follicle.    Buried 
among  the  cells  of  the  discus  proligerus  the  ovum,  c,  lies. 
The  Mammalian  Ovum.     As  the  Graafian  follicles  enlarore 

o 

the  ova  grow  but  not  proportionately,  so  that  they  occupy 
relatively  less  of  the  cavities  of  the  larger  follicles:  the  cells  of 
the  discus  proligerus  probably  elaborate  food  for  the  egg  cell 
from  material  derived  from  the  blood-vessels  which  form  a 
close  network  around  most  of  each  enlarging  Graafian  follicle 
and  transude  crude  nutritive  matter  into  the  liquid  filling 
most  of  the  follicle.  The  fully  formed 
ovum  (Fig.  190)  is  about  0.2  mm. 
(rio  i»i<'b)  in  diameter:  it  lias  a  well- 
^  niurkiMl  outer  coiit  or  sac,  «,  the  zofta 
radiff/ff,  zona  peUurida  or  ritfJUne 
mnnhi a)i('y  surrounding  a  verv  granu- 
lar cell-body  or  riltllus,  b,  in  whicli  is  a 
cons]>i('U()us  )iudnis^  r,  here  named 
tlie  gennitiid  vesicle  and  possessing 
so!;;"  ,;::?;^:^.^!:;i:^Str^";;  ^^  ^rudeolu.  or  gemnnal  spot.  The 
7A>\ux  iHMi.ici.ia:  /..  vitHiiis;  c    zQua  pelluclda  exhibits  distinct  radial 

K»*rmnial  vesiolt',  with  distinct  ^  , 

reti.Miiiim  of  karyopiasm  and    luarkintrs  wliic'li  prohablv  are  due  to 

a  nucleulus  (.r  K^rminal  spul.        ^         i     i         .  •  -^       mi  -in 

Tine  tul)es  traversing  it.  1  he  main  bulk 
of  the  vitellus  or  yelk  consists  of  highly  rofmeting  spheroidal 
particles  of  nutritive  matter  (deiitoplasm)  imbedded  in  and 
concealinir  a  true  jirotoplasmie  reticulum.  In  tlie  eggs  of  binls 
and  reptiles  the  deutoplasm  is  in  very  large  amount  and  forms 
nearly  all  of  the  yelk,  the  protoplasm  being  for  the  most  part 
aggregated  around  the  germinal  vesicle  at  a  small  area  on  one 
side  of  the  yelk.  It  is  in  this  area  that  new  cell-formation 
occurs  and  the  embryo  is  built  up,  the  rest  of  the  yelk  being 
gradually  absorbed  by  it:  such  q^^^  are  known  as  mesoblastic 
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or  partly-tlividing  ^g^.  \n  sill  tht^  liigber  iiuimmalitt  the 
deiilupla,sni  is  relulively  sjmrHo  ami  tolerably  evenly  niingliKl 
with  the  jirotoplasm,  uinl  tJie  whule  fertiUzed  ovum  divides  to 
form  tlie  timt  cells  of    the   embryo:    such   eggs  are   mimeil 

The  Maturation  of  the  Ovum.  From  time  to  time, 
usually  at  intervals  of  about  four  weeks,  in  »  womau  of  ehihl- 
lieariug  age,  certain  ova  after  attaining  tlio  size  and  strne- 
ture  liescribeil  in  the  prccciling  iianiLrrnph  undergo  further 
changes  by  which  the  egg-cell  18  rendered  capable  of  fertihza 
tion.  These  phenomena,  known  its  the  r/miuraiion  of  the 
or«w«,  result  in  sepamtiou  of  email  parts  of  the  uueleus  or 
germinal  vesicle  and  cell  prritoiiln.sm  from  the  rest*  Tliey  are 
«88entially  typical  cikses  of  indirect  cell  division  (p.  ID).  The 
celhlxKly  shrinks  a  little  so  m  to  not  rjuite  till  the  zona  pelln- 
cida,  and  the  gernunal  vehicle  approacliet?  one  side.  Mean w Idle 
the  nuclear  niendu^ane  and  karyoplasm  form  the  chromatic 
loop  and  this  divides  into  the  usual  two  gets  of  V  s.  One 
set  of  these,  with  part  of  ihe  nuclear  plasm,  now  separates 
with  a  little  of  the  cell  protoplasm 
to  form  a  small  rell,  the  fir .4  polar 
f^lobnh  or  divert  ire  eorpusrh  (r.  Fig 
11*1).  The  much  larger  ceil  result 
ing  from  the  division  and  represent- 
ing the  remainder  of  the  vitellus 
and  nucleus  now  repeats  the  process, 
and  gives  rise  to  the  serond  polar 
flabiik.  In  Fig.  191  the  first  polar 
globtile  is  gihown  at  r,  as  already 
separated,  and  the  nucleus,  d,  is 
dividing,  prepamtory  to  the  torma- 
tion    of    the  second    directive   cor- 

pnscie.  The  stage  of  karyokinesis  ^f;:^'^::!:!::^;:^^;;^^ 

i^  more  advanced  than  those  repre-  ^i^^J  u^T^^l^lli.^tLrr I^ 
sented  hi  Fig.  iO.  The  two  jjolar  ^f  tbnmcknr -piddle 
globules  lie  for  a  time  (Fig.  id2)  within  the  zona  pellncida 
in  the  spac^  left  by  the  shrinka«re  of  the  vi  tell  us,  but  take  no 
part  in  the  formation  of  the  embryo  and  soon  di8apj>ear.  The 
rest  of  the  original  ovum  is  now  mature  and  retwly  for  fertili- 
zation; Its  nu<^hms  i??  known  as  the  female  pronucl^ug^  fn^ 
Fig.  192.     It  piisses  towards  the  centre  of  the  ovum  and  forma 


Flo,  191. -An  ovum  iirwnt  to 
forTn  lh«?!  s*i*onnd  polm  lelobolft. 
a,  zona  |w>1iueidii :  b.  h|iiu<«*  Otied 
with  llc]tjrfUii.l  Wft  hy  0»t*  Khrinlc- 

ff  1*1  b  1 1  fr* :  cf,  II  III?  \t*U  xi  •  tf  o\ 
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the  usual  recticulum  of  karyoplasm  found  in  uormal  resting 
nuclei  (Fig.  8). 

Oviilation.  From  puberty,  during  the  whole  child-bearing 
period  of  life,  certain  comparatively  very  large  Graafian  follicles 
may  nearly  always  be  found  either  close  to  the  surface  of  the 
ovary  or  projecting  on  its  exterior.  These,  by  accumulation 
of  liquid  within  them,  have  become  distended  to  a  diameter 
of  about  4  mm.  {^  inch) ;  finally,  the  thinned  projecting  jx)r- 
tion  of  the  wall  of  the  follicle,  which  differs  from  the  rest  in 
containing  few  blood-vessels,  gives  way  and  the  o\'um  is  dis- 
charged, surroundeil  by  some  cells  of  the  discus  proligerus. 
The  emptied  follicle  becomes  filled  up  with  a  reddish-yellow 
mass  of  cells,  and  constitutes  the  corpus  luteum^  which  recedes 
again  to  the  interior  of  the  ovar}'  and  disappears  in  three  or 
four  weeks,  unless  pregnancy  occur;  in  that  case  the  corpus 
luteum  increases  for  a  time,  and  persists  during  the  greater 
part  of  the  gestation  period. 

Menstruation.  Ovulation  occurs  during  the  sexual  life  of 
a  healthy  woman  at  intervals  of  about  four  weeks,  and  is 
attended  with  important  changes  in  other  portions  of  the  gen- 
erative apparatus.  The  ovaries  and  Fallopian  tubes  become 
con<;ostod,  and  the  fimbria*  of  the  latter  are  erected  and  come 
into  contact  witli  tlic  ovary  so  as  to  receive  any  ova  dischartred. 
Whether  the  liiul)ria»  einbraee  the  ovary  and  catch  the  ovum, 
or  merely  toiicli  it  at  various  ])oiuts  and  the  ova  are  swept  along 
them  by  tluur  cilia  to  the  cavity  to  the  oviduct,  is  not  certain. 
Ilavini^  entered  the  FaHopian  tube  the  egg  slowly  passes  on 
to  the  uterus,  prohahly  niovetl  ])y  the  cilia  lining  the  oviduct; 
its  descent  ])n)l  ai)ly  takes  about  four  or  live  days;  if  n()t  fertil- 
ized, it  dies  aiul  is  passed  out.  In  the  woinh  important  changes 
occur  at  or  just  before  the  ])eriods  of  ovulation;  its  mucous 
inenihrane  beconus  swollen  and  soft,  and  minute  hemorrhages 
occur  in  its  substance.  The  superficial  layers  of  the  uterine 
mucous  nuMubrane  art»  hroken  down,  and  discharged  along  with 
more  or  less  blood,  constituti  vz  the  //H'/tses,  or  monthly  sick- 
ness, which  coninioidy  last-  from  three  to  five  days.  J)uring 
this  tinu*  the  vaginal  secn'ti<ui  is  also  increased,  and,  mixed  with 
the  blood  discharged,  more  or  less  alters  its  color  and  usually 
destroys  its  coagulating  power.  Kxcept  during  pregnancy  and 
while  suckling,  nuMistruation  occui*s  at  the  above  intervals, 
from  i)ubertv  up  to  about  the  iorty-fifth  year;  the  periods 
tlien  hecoiuo  irregular,  and  finally  the  discharges  cease;  this 
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is  un  indication  that  ovultttion  has  come  to  an  end,  iumI  that 
tlie  fiexiial  life  of  the  woman  \&  conipleteil.  Thid  time,  the 
dlmaiieric  or  "  turn  of  life/'  ii?  a  eritieal  one;  vanous  local 
disorderly  are  apt  to  su|>erveiie,  and  even  mentid  demngement. 

Hygiene  of  Menstruation,  Dtiring  ineTistniation  there  is 
apt  to  he  more  or  les*^  general  discomfort  and  nervous  irrita^ 
hility ;  the  woman  is  not  quite  herself,  and  those  resjwnsible 
for  her  happiness  ought  to  wateh  and  tend  her  with  si>ecial 
solieifcude,  forlwaranee,  ami  tenderness,  and  protect  her  from 
anxiety  and  agitation »  Any  strong  emotion,  especially  of  a 
disagreeal>le  character,  is  ajjt  to  elieck  the  flow,  and  this  is 
always  liable  to  he  followed  by  aeriouei  conse<|uence8.  A  sudden 
chill  often  luis  the  same  effect;  hence  a  menstruating  woman 
ought  always  to  he  warmly  chul,  and  take  more  than  usual 
care  to  avoid  dnuights  or  getting  wet.  At  these  periotis,  also, 
tlie  uterus  is  eidargeii  and  heavy,  and  being  (as  may  be  seen 
in  Fig,  18H)  but  slightly  supported,  and  that  near  its  hiwer 
end,  it  is  efipecially  apt  to  be  disjdat'ed  or  distorted;  it  may 
tilt  forwards  or  sideways  {vrrsioHn  of  the  nferun)^  or  be  bent 
where  the  neck  and  body  of  the  organ  meet  (jtexion).  Hence 
violent  exercise  at  this  time  shonid  he  avoided,  though  there 
is  no  reason  why  a  {iropcrly  chul  woman  should  not  t^ke  her 
usual  daily  walk. 

The  absence  of  the  menstnnd  flow  {amenorrhea)  is  normal 
during  pr€^gnancy  and  wliih^  suckling;  and  in  some  rare  ciijjes 
it  never  occurs  througliont  hfc,  even  in  healthy  women  caim- 
blo  of  child -hearing,  Tsually,  however,  the  non-appearance 
of  the  menses  at  the  proper  periods  is  a  serious  symptom,  and 
one  which  calls  f»>r  prompt  measnres.  In  all  such  cases  it 
cannot  \m  too  strongly  impressed  upon  women  that  the  most 
dangerous  thing  Ui  do  is  to  take  drugs  tending  to  induce  the 
dii^charge,  except  under  skilled  tulvice;  to  excite  the  flow,  in 
nnmy  cases,  aa  for  example  occlusion  of  the  os  uteri,  or  in 
genera]  debility  (when  its  absence  is  a  conservative  effort  of 
the  system),  may  have  the  most  disastrous  results. 

Fertilization,  As  the  ovum  descends  the  Fallopian  tube 
the  changes  of  menstruation  are  taking  pbiee  in  tfie  uterus, 
Fertilimtion  usually  takes  place  in  a  Fallopian  tube.  The 
spermatozoii  are  carried  along  partly,  i>erhaps,  by  the  contrac- 
tions of  the  muscular  walls  of  the  female  cavities,  but  mainly 
by  their  own  activity.     Occasionally  the  ovurti   is  fertilized 
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before  reaching  the  Fallopian  tube  and  fails  to  enter  it,  giving 
rise  to  an  extra-uterine  j}regna)wy. 

The  actual  process  of  the  fertilization  of  the  ovum  has  onlv 
been  observed  in  the  lower  animals,  but  there  is  no  doubt  that 
the  phenomena  are  the  same  in  all  essentials  in  all  cases.  Some 
of  the  spermatozoa  penetrate  the  zona  pellucida  and  the  head 
of  one  of  them  enters  the  ovum,  when  it  grows  and  fomis  the 

male  pronucleus  {mn^  Fig.  19'2). 
This  travels  towards  the  nucleus 
of  the  matured  ovum  or  female 
pronucleus,  /w,  and  in  each  pro- 
nucleus a  karyoplastic  filament 
forms  and  breaks  up  into  a  set 
of  V's;  in  the  pronuclei  repre- 
sented in  Fig.  192  this  has  not 
yet  taken  place,  the  karyoplasm 
being  still  arranged  in  a  retic- 
ulum. The  tail  of  the  sj)ernia- 
tozoon  (which  represents,  it  will 
be  remembered,  the  protoplasm 
of  a  male  cell)  disapjiears; 
whether  it  is  cast  off  when  the 
head  enters  tlie  vitellus  or  min- 
gles with  the  protopljisni  of  the 
latter  is  not  known.  As  the  pronuclei  approach  one  another 
two  attraction  particles,  p-,  p^  appear  in  the  protoplasm  of  the 
ovum;  around  these  the  granules  of  the  vitellus  show  a  radial 
arran;::ement  and  a  nuclear  spindle  (p.  10)  unites  them.  The 
s])in{lle  lies  with  its  long  axis  at  right  angles  to  a  line  joining 
the  pronuclei.  1'he  latter  next  comi)letely  fuse  across  the 
middle  of  the  spindle  and  form  anew  single  nucleus.  Fertili- 
zation is  then  comi>lete,  and  the  ovum  capable  of  dividing  or 
segmenting  (Fig.  1 1)  to  form  the  cells  wliich  by  multiplication 
and  dilTerontiation  build  up  the  embryo.  The  zona  pellucida 
takes  no  part  in  tlie  segmentation  and  is  gradually  absorbed. 

The  Signification  of  the  Polar  Globules.  The  union  of 
the  male  and  female  i)ronuelei  is  the  essential  fact  in  fertiliza- 
tion and  the  material  biisis  of  all  the  plienomena  of  heredity; 
therefore  everything  pertaining  to  it  is  of  very  great  interest. 
There  is  reason  to  believe  that  eacli  half  of  the  nucleus  of  the 
fertilized  i^^^^  contains  karyoplasm  from  both  pronuclei,  and 
that  in  all  subsequent  cell-divisions  each  new  cell  gets  nuclear 


Fio.  18>2.— An  OYum  shortly  before 
the  fuRion  of  the  pronuclei,  n,  xona 
pellucitia:  />,  polar  i^lobiiles;  /»i.  female 
proiiuoleuii:  nut,  male  pronucleus;  pp, 
attraction  bodies,  witn  the  nuclear 
.spindle  lyini?  I»et\veen  ilieni;  s,  sper- 
matozoa which  have  not  taken  ]>arr  in 
fertilization. 
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karyoplasni  from  both,  and  therefore  rontaing  botli  niiile  and 
female  morphological  elemeiiU.  If  this  be  so,  every  cell  of  the 
mlialt  Hofly  contains  n  matenul  rcpreseiitiifcive  of  both  father 
jiiid  mother,  nml  may  he  regMnleil  as  hcrinrtplirodile.  Upon 
tliis  supposition  explanations  of  the  unequal  cell-cli visions  of 
the  ovum  giving  rise  to  the  polar  globules  have  been  liased. 
The  ovum  before  maturation  and  tlie  gperniatoblast  before  final 
fonnation  of  the  spermatozoon  being  hisexual,  each  nnist,  it 
has  lieen  suggested,  get  rid  of  matertal  derived  from  ou© 
parent  before  it  can  fuse  with  a  residunm  of  the  other  to  make 
a  new  fell.  The  spemiatohhist  therefore  in  its  first  cell- 
division  separates  fenntle  nnelear  mutter,  and  tlie  spermatozoon 
is  a  purely  male  cell:  the  ovum  on  tlie  other  hand  get^  rid  of 
mule  nuiteriul  in  the  [Mjlar  globules,  and  the  mature  ovum  is  a 
solely  female  cell;  t!ie  union  of  the  two  makes  a  complete  her- 
nui])lirodite  eell  from  vvhiefi  the  new  aTitrnal  develops.  This 
view  was  supiiorted  hy  tlie  belief  tliat  eertain  insect  ^i^^^  which 
develop  jwirthenogenetically  did  not  sepamte  polar  globules 
before  conmieneing  to  form  the  embryo.  It  is  now  known, 
however,  that  such  eggs  do  separate  nnr  polar  globule,  so  the 
theory  requires  moditicatiou.  We  cannot  hei'e  go  into  the  dis- 
cussion of  this  matter,  which  is  one  of  the  nH)st  interesting 
biological  rpiestions.  The  argument  gathers  mairdy  round 
the  theory  (Weisnninn)  that  each  complete  cell  ajiart  frofn 
imde  and  female  elt^nents  contains  tw<*  kinds  of  living  mate- 
rial: one  (nuclear  phtfttuft)  with  controlling,  rejiroilucing,  and 
here<litary  fnn(*tions;  the  iither  {tiutriHve  plmnm)  with  as- 
siniiktive  duties  and  other  powers  in  various  eells,  as  cou- 
tnn^tility.  irritability,  and  so  forth,  but  exer^.'ising  these  under 
the  infincn-'c  and  clirection  of  the  nuclear  pla^nui.  In  the 
nuclear  plasma  itself  are  tiro  diatinet  substances — n  gt^nninal 
plaRwa  with  hereditary  functions,  and  alone  found  in  the  just 
fertilized  ovum,  ami  a  htsfoffctietic  or  iissne-huih!iit(j  plasma^ 
which  is  formed  by  and  from  the  germinal  plasma  and  controls 
cell-growth,  division,  and  differentiation.  The  ovum  in  the 
first  polar  globule  gets  rid  of  some  of  iti^  histogenetic  planma, 
and  then  in  the  seeoml  polar  globule  tjf  the  male  portion  of 
it^  genninal  plasnui,  and  theses  are  replaced  by  the  niaterial 
brought  by  the  spennatozodn,  which  is  a  cell  that  ht\^  in  a 
similar  way  got  rid  of  some  of  its  histogenetic  an<I  germinal 
plasma.  On  t!iis  theory,  moreover,  the  proportion  of  the 
ovum  extruded  in  the  polar  globules  and  the  mtio  of  that 
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remaining  to  the  germ  plasma  brought  by  the  spermatozoon 
may  be  supposed  to  differ  in  different  instances  and  account 
for  individual  differences  in  the  offspring:  thus  some  physical 
basis  for  the  facts  of  variation  as  well  as  of  heredity  would 
be  obtained. 

Impregnation.  The  fertilized  ovum  continues  its  descent 
to  the  uterine  cavity,  but,  instead  of  lying  dormant  like  the 
unfertilizeil,  segments  (p.  29),  and  forms  a  morula.  This, 
entering  the  womb,  becomes  imbedded  in  the  soft,  vascular 
mucous  membrane  from  which  it  imbibes  nourishment,  and 
which,  instead  of  being  cast  off  in  subsequent  menstrual  dis- 
charges, is  retained  and  grows  during  the  whole  of  pregnancy, 
having  imjwrtant  duties  to  discharge  in  connection  with  the 
nutrition  of  the  embrj'o. 

Sexual  congress  is  most  apt  to  be  followed  by  pregnancy  if 
it  occur  immediately  after  a  menstrual  period;  at  those  times 
a  rii)e  ovum  is  usually  in  the  Fallopian  tube,  near  the  upper 
end  of  which  it  is  probably  fertilized  in  the  majority  of  cases. 
There  is  some  difference  of  opinion  as  to  whether  the  rupture 
of  the  Graafian  follicle  occurs  most  frequently  immediately 
before  the  appearance  of  the  menstrual  flow,  or  towards  its 
close ;  but  the  prepondenince  of  evidence  favors  the  latter  view. 
The  iiKMistrual  process  probably  is  a  sj)ecial  prepanition  of  the 
woinl)  for  the  rece])tioii  of  an  embryo  and  its  nourishment. 
There  is,  liowever,  evidence  that  ova  are  ocasionally  dischargoil 
at  other  tliaii  tlie  re»^ular  monthly  periods  of  ovulation  and 
may  be  fertilized  and  cause  a  pret^nancy. 

Pregnancy.  When  the  mulberry  nuiss  reaches  the  uterine 
cavity  the  mucous  membrane  lining  tlie  latter  grows  rapidly 
and  forms  a  new,  thick,  very  vascular  lining  to  the  womb, 
known  as  the  (hridua.  At  one  point  on  this  the  morula  be- 
comes attached,  the  decidua  <rr(nvinir  np  around  it.  As  preg- 
nancy advances  and  the  embryo  irrows,  it  bulges  out  into  the 
uterine  cavity  and  i)ushes  before  it  that  part  of  the  decidua 
which  has  <rrown  over  it  (the  drrififnt  rfffexd);  at  about  the 
end  of  the  third  month  this  coalesces  with  the  decidua  Iniing 
the  o|)posite  sides  of  the  uterine  cavity  so  that  the  two  can  no 
lon^^er  he  separated.  That  part  of  the  decidua  (decidua 
Horofind)  against  which  the  morula  is  first  attaclied  subsequently 
under^coes  a  great  development  in  connection  witli  the  forma- 
tion of  the  placenta  (see  below).  Meanwhile  the  whole  uterus 
enlarges;  its  muscular  coat  especially  thickens.     At  first  the 
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organ  still  lies  within  the  pelvis,  where  there  is  but  little  mom 
for  it;  it  accordingly  presses  on  the  bkdder  luid  rectum  (see 
Fig.  188)  and  the  nerves  in  the  neighhorhuod,  frequently 
causing  considemble  dit^eoiiifort  or  pain;  atid,  reflcTxly,  often 
exciting  nansea  or  vomiting  (tlie  morning  sickness  of  preg- 
naney).  Later  on,  the  pregnant  womb  eiK'.Hi>os  liigher  into  the 
abdominal  cavity,  and  althofigh  then  larger,  the  soft  abdominal 
walls  more  readily  nnike  room  for  it,  and  less  discomfort  itj 
nsnally  felt,  ihongh  there  may  be  shortness  of  breath  and 
piilpitation  of  the  heart  from  interference  with  the  diaphrag- 
matic movements.  All  tight  garments  should  at  this  time  be 
especially  avoided;  the  woman*a  breathing  is  alreacly  snSi- 
ciently  impeded,  and  the  prcsanre  may  also  injure  the  develop- 
ing child.  Meanwhile,  changes  occur  elsew^here  in  the  Body. 
The  bresists  enlarge  und  hard  masses  of  developing  glandular 
tissue  can  be  feJt  in  them;  and  tliere  may  be  mental  symptoms ; 
depression,  anxiety,  and  an  emotional  nervous  state. 

During  the  whole  period  of  gestation  the  woman  is  not 
merely  supjilying  from  her  blotjd  nutriment  for  the  fti^tus,  but 
also,  througli  her  hings  and  kidneys,  getting  rid  of  it^  wastes; 
the  result  is  a  strain  on  her  w4iole  system  which,  it  is  true, 
she  is  constructed  to  bear  ami  will  carry  well  if  in  good  health, 
but  which  is  severely  felt  if  she  be  feeble  or  suffering  from  tlis- 
ease.  The  healthy  married  woman  wlio  endeavors  to  evade 
motherhood  because  she  thinks  she  will  thus  preserve  her  per- 
sonal appe^irance,  or  because  she  dislikes  the  trouble  of  a 
family,  deserves  hut  little  sympathy;  she  is  trying  to  escape  a 
duty  voluntjirily  undertaken,  and  owed  to  her  husband,  Iier 
country,  and  her  race;  hut  she  whose  strength  is  undermined 
and  wliose  life  is?  made  one  long  discomfort  for  the  sexual 
gmtification  of  her  husband  clescrvea  every  consideration,  and 
the  family  physician  ought  iMirliaps  to  warn  the  husband  more 
frequently  than  he  does  of  the  risk  to  a  delicate  wife's  health, 
or  even  life,  of  frequent  pregnancies:  and  the  husband  should 
control  himself  accordingly.  The  professor  of  gj^mecology  in 
a  leading  medical  school,  gives  it  as  Ids  deliberate  opinion 
that  the  Tuajority  of  American  women  must  at  some  j^eriodsof 
their  lives  choose  between  freeilom  from  pregnancy  or  early 
deatli. 

Apart  from  pregnancy,  moreover,  a  woman's  health  is  often 
injured  !>y  frequent  sexual  intercoui^e.  A  physician  who  has 
unusual  opportunities  of  knowing  states  that  he  hiis  reason  to 
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believe  that  not  only  is  the  act  of  sexual  congress  at  best,  from 
a  physical  iK)int  of  view,  a  mere  nuisance  to  the  majority  of 
women  belonging  to  the  more  luxurious  classes  of  societ}-  after 
they  attain  the  age  of  twenty- two  or  twenty-three,  but  that  a 
very  considerable  proportion  suffer  acute  pain  from  it  such  as, 
if  frequent,  breaks  down  the  general  health.  A  loving  woman, 
finding  her  highest  happiness  in  suffering  for  those  dear  to  her, 
is  very  unlikely  to  let  her  husband  know  this,  so  long  as  she 
can  bear  it ;  but  if  the  possibility  is  known  it  will  not,  per- 
haps, need  much  acuteness  in  him  to  discover  such  suffering 
when  it  exists,  nor  very  much  real  affection  to  direct  him- 
self accordingly.  In  the  class  of  cases  referred  to,  rest  of  the 
over-irritable  and  congested  female  organs  is  above  all  essen- 
tial. The  cause  is  frequently  removable  by  simple,  but  skilled, 
treatment;  the  desirability  of  rendering  this  available  to  a 
woman  in  members  of  her  own  sex  is  now  generally  recog- 
nized. 

The  Intrauterine  Nutrition  of  the  Embryo.  At  first 
the  embryo  is  nourished  by  absorption  of  materials  from  the 
soft  vascular  lining  of  the  womb;  as  it  increases  in  size  this 
is  not  sufficient,  and  a  new  organ,  the  placenta,  is  formed  for 
the  purpose.  A  f(ptal  ont^i^rowth,  the  allantois,  plants  itself 
firmly  airninst  the  dcriihid  srrofinn,  and  villi  developed  on  it 
burrow  from  its  surface  into  tho  uterine  mucous  membrane. 
In  the  (loeper  layer  of  this  latter  are  large  sinuses  through 
whieli  the  maternal  blood  flows,  and  into  which  the  allantoic 
villi  project.  Hlood  is  brou<^ht  from  the  ftetus  to  the  allantoic 
by  arteries  and  carried  back  by  veins  after  traversing  the 
capillaries  of  the  villi,  and  while  flowiiiij^  through  these  re- 
ceives, by  dialysis,  oxyc^en  and  food  materials  from  the  mater- 
nal blood,  and  <rivos  up  to  it  carbon  dioxide,  urea,  and  other 
wastes.  There  is  thus  no  direct  intermixture  of  the  two 
bloods;  the  embryo  is  from  the  first  an  essentially  separate 
and  independent  organism.  The  allantois  and  decidua  sero- 
tina  becoming  inseparably  united  together  form  the  placenta, 
w^hich  in  the  human  species  is,  when  fully  developed,  a  round 
thick  mass  about  the  size  of  a  larire  saucer,  connected  to  the 
embryo  bv  a  narrow^  stalk,  the  iDnbilical  cord,  in  w^hich  blood- 
vessels run  to  and  from  the  placenta. 

Parturition.  At  the  end  of  from  275  to  280  days  from 
fertilization  of  the  ovum  (conception)  pregnancy  terminates, 
a,nd   the  child   is  expelled   by  powerful  contractions  of  the 
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litems,  assisted  by  tbo^^e  of  the  nuisdes  in  the  abdomiiml 
walls.  When  the  child  is  borji,  it  hus  attached  to  its  navel 
the  umbilical  cord,  wliieh  is  tlieu  imiuillj  ligiitured  and  cut 
across:  some  good  uiitiioritics,  liowovcr,  Tmiiiituiii  that  tlijs 
should  not  be  done  until  iifter  the  coniractions  which  exju^l 
the  placenta,  as  otherwise  a  qnuntity  of  the  infant's  blood 
remains  in  that  organ;  the  loss  of  which  might  be  serious  to 
a  feeble  infant.  Shortly  iifter  the  birth  of  the  child  renewed 
nterine  f;ontn»<'tions  det.ich  and  exjtel  the  pluceTjta,  both  its 
ftetal  or  allantoic  and  maternal  or  decidual  part,  as  the  after* 
birth.  Where  it  is  torn  loose  from  tlio  nterine  wall  large 
blood  ainuses  are  left  open;  lience  a  certain  anion nt  of  bleed- 
ing occurs,  bnt  in  nornnd  Ial)or  tfjis  is  speedily  clicekcd  by 
firm  contraction  of  the  uterus.  Should  this  fail  lo  take 
place  profuse  haemorrhage  occurs  {flaoding)  and  the  mother 
may  bleed  to  death  in  a  few  minutes  unless  prompt  measures 
are  adopted. 

For  a  few  days  after  delivery  tliere  18  some  dtscbitrge  (the 
lochia)  from  the  uterine  cavity:  the  whole  deeidua  being 
broken  down  and  carried  otT,  to  be  anbsequently  replaced  by 
new  nmcous  mernbnme.  The  muscular  fibres  developed  in 
the  uterine  wall  in  such  large  quantities  duriTig  pregnancy 
undergo  rapid  fatty  degeneration  and  are  absorbed,  and  in  a 
few  weeks  the  organ  returns  almost  to  its  original  size.  The 
parturient  woman  is  especially  apt  to  take  infectious  diseases; 
ami  these,  sinnild  they  attack  her,  are  fatal  in  a  very  large 
percentage  of  cases.  Very  special  care  should  therefore  be 
taken  to  keep  all  contagion  from  her. 

''J'here  is  a  current  impression  that  a  pregnancy,  once 
commenced,  can  be  brought  to  a  premature  m\i\,  especially  in 
its  early  stages,  without  any  serious  risk  to  the  woman,  'Jliat 
belief  is  erroneous.  Premature  delivery,  early  or  late  in 
pregnancy,  is  always  more  dangerous  than  natural  labor  at 
the  proper  term;  the  physician  has  sometimes  to  induce  it> 
as  when  a  malformed  pelvis  makes  normal  parturition  impoa* 
sible,  or  the  general  derangement  of  health  accompanying 
the  pregnancy  is  such  as  to  threaten  the  mother's  life;  but 
the  occasional  necessity  of  deciding  whether  it  is  his  duty  to 
procure  an  abortion  is  one  of  the  most  serious  responsi  bill  ties 
he  meets  with  in  the  course  of  his  professional  work. 

Dr.  Storer,  an  eminent  gynecologist,  states  eniphaticallj^ 
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from  extended  observation,  that  despite  apparent  and  isolated 
instances  to  the  contrary — 

1.  A  larger  proportion  of  women  die  during  or  in  con- 
sequence of  an  abortion,  than  during  or  in  consequence  of 
child-bed  at  the  full  term  of  pregnancy. 

3.  A  very  much  larger  number  of  women  become  con- 
firmed invalids,  perhaps  for  life;  and — 

3.  The  tendency  to  serious  and  often  fatal  organic  disease, 
as  cancer,  is  rendered  very  much  greater  at  the  so-called 
"turn  of  life,"  by  previous  artificially  induced  premature 
delivery. 

During  pregnancy  there  is  a  close  connection  between  the 
placenta  and  uterus;  nature  makes  preparation  for  the  safe 
dissolution  of  this  at  the  end  of  the  normal  period,  but  ^*  its 
premature   rupture  is  usually  attended  by  profuse  haemor- 
rhage, often  fatal,  often  persistent  to  a  greater  or  less  degree 
for  many  months  after  the  act  is  completed,  and  always  at- 
tended with  more  or  less  shock  to  the  maternal  system,  even 
though  the  full  effect  of  this  is  not  noted  for  years!''     The 
same  authority  states  again:  "  Any  deviation  from  this  proc- 
ess at  the  full  term"  (i.«.,  the  process,  associated  with  lacta- 
tion, by  which  the  uterus  is  restored  to  its  small  non-gravid 
dimensions)    "  lays   tlie   foundation  of,   and    causes,  a  wide 
range    of   uterine   accidents   and    disease,   displacements   of 
various  kinds;  falling  of  the  womb  downwards  or  forwards 
or  backwards,  with  the  long  list  of  neuralgic  pains  in   the 
back,  <;:roin,  thighs,  and  elsewhere  that  they  occasion;  con- 
stant  and    inordinate   leucorrhoea;    sympathetic   attacks   of 
ovarian    irritation,   running    even    into    dropsy,"   etc.,   etc. 
Thoro   is,  thus,  ai)undant   reason    for   bearing   most   things 
rather  than  the  risks  of  an  avoidable  abortion. 

Lactation.  The  mammary  glands  for  several  years  after 
birth  remain  small,  and  alike  in  both  sexes.  Towards 
puberty  they  begin  to  enlarge  in  the  female,  and  when  fully 
developed  form  in  that  sex  two  rounded  eminences,  the 
brcasf.s,  pla(?ed  on  the  thorax.  A  little  below  the  centre  of 
each  projects  a  small  eminence,  the  nipple,  and  the  skin 
around  this  forms  a  colored  circle,  the  areola.  In  virgins 
the  areolae  are  pink;  they  darken  in  tint  and  enlarge  during 
the  first  pregnancy  and  never  quite  regain  their  original  hue. 
The  mammary  glands  are  constructed  on  the  compound 
racemose   type.      Each  consists  of   from  fifteen   to   twenty 
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distinct  lobes,  made  up  of  smaller  divisions;  from  each  nittiu 
lobo  a  separate  tjalavtophonins  duet,  niatJe  by  the  union  of 
snmller  branches  from  the  lubules,  nuia  towards  tlie  nipple, 
all  converging  beneath  the  areola.  There  each  dilates 
and  forms  a  small  elongated  reservoir  in  which  the  milk 
may  temporarily  collect.  Beyond  this  the  diictn  narrow 
again,  aiul  each  continues  to  a  separate  ojieiiing  on  the  nip- 
ple. Imbedding  and  enveloping  the  lobes  of  the  gland  is  a 
quantity  of  tirni  adipose  tissue  which  gives  the  whole  breast 
its  rounded  form. 

During  maidenhood  the  glandular  tissue  remains  imper- 
fectly developed  and  dormant.  Early  in  pregnancy  it  begins 
to  increiise  in  bidk,  and  the  gland  lobes  can  be  felt  as  hard 
masses  throngh  the  sii])erjacent  skin  and  fat.  Even  at  par- 
turition, however,  their  functional  activity  is  not  fully  estab- 
lished. The  oil -globules  of  the  milk  are  formed  by  a  sort  of 
fatty  degeneration  of  the  gland -cells,  which  finally  fall  to 
pieces;  the  cream  is  thns  set  free  in  the  watery  and  albu- 
minous secretion  formed  simultaneously,  while  newly  de- 
Telopcd  gland-cells  take  the  place  of  those  destroyed.  In  the 
milk  first  secreted  after  accouchment  (the  cohsirum)  the  cell 
destruction  is  incouiplete,  and  many  cells  still  float  in  the 
liquid,  which  lias  a  yellowisli  color;  this  iirst  milk  acts  as  a 
purgative  on  the  infant,  and  probably  thus  serves  a  useful 
purpose,  as  a  certain  amount  of  snbstances  (biliary  and 
other),  excreted  by  its  organs  during  development,  arc  fuuTid 
in  the  intestines  at  birth. 

TTuman  milk  i^-^  undoubtedly  the  best  Utod  for  an  infant  in 
the  early  months  of  life;  and  to  suckle  her  child  is  useful  to 
the  mother  if  she  be  a  healthy  woman.  There  is  reason  to 
believe  tliat  tlie  prnceHses  of  involution  by  which  the  large 
mails  of  muscular  and  other  tisisues  develftjied  in  th<*  uterine 
walls  during  pregnancy  are  broken  down  and  ahsorlM^d,  take 
place  more  safely  to  health  if  the  natuml  milk  secretion  is 
eneiuimgcd.  Many  women  refuse  to  suckle  their  children 
from  a  helinf  that  ho  dciing  will  injure  their  pers(jnal  ajipear- 
ance,  but  skilled  medical  opinion  is  to  the  contrary  clfeet;  the 
natuml  cours?  of  events  is  the  best  for  this  puriwse,  unless 
lat^tation  be  too  prolonged.  Of  course  in  many  cti^^es  there  are 
justifiable  grounds  for  a  motlier^s  not  undertaking  this  part  of 
her  duties;  a  physician  i«  tlie  proper  ]ierson  to  decide. 

In  a  healthy  woman,  not  suckling  her  child,  ovulation  and 
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menstniation  recommence  aboat  six  weeks  after  childbirth;  a 
nursing  mother  usually  does  not  menstruate  for  ten  or  twelve 
months;  the  infant  should  then  be  weaned. 

When  an  infant  cannot  be  suckled  by  its  mother  or  a  wet- 
nurse  an  important  matter  is  to  decide  what  is  the  best  food 
to  substitute,  (jood  cow's  milk  contains  rather  more  fats  than 
that  of  a  woman,  and  mucli  more  casein ;  the  following  table 
gives  averages  in  1000  parts  of  milk : 

Woman.  Cow. 

Casein  28.0  54.0 

Butter 38.5  43.0 

Milk  sugar 44.5  42.5 

Inorganic  matters 4.75  7.75 

The  inorganic  matters  of  human  milk  yield,  on  analysis,  in 
100  parts — calcinm  carbonate  6.9;  calcium  phosphate,  70.6; 
sodium  chloride,  9.8;  sodium  sulphate,  7.4;  other  salts,  5.3. 
The  lime  salts  are  of  especial  importance  to  the  child,  which 
has  still  to  build  up  nearly  all  its  bony  skeleton. 

When  undiluted  cow's  milk  is  given  to  infants  they  rarely 
bear  it  well;  the  too  abundant  casein  is  vomited  in  loose 
coagula.  The  milk  should  therefore  be  diluted  with  half  or, 
for  very  young  children,  even  two  thirds  its  bulk  of  water. 
I'liis,  liowevcr,  ])riii<j^s  down  the  ])erc'ontage  of  sugar  and 
butter  below  tlie  proper  amount.  Tlie  sugar  is  commonly 
re])lacod  by  adding  cane  sugar;  but  sugar  of  milk  is  readily 
obtainable  and  is  better  for  the  i)urpose.  If  used  at  all  it 
should,  however,  ])e  employed  from  the  first;  it  sweetens  much 
less  than  cane  sugar,  and  infants  used  to  tlie  latter  refuse  milk 
in  which  milk  sugar  is  substituted.  Cream  from  cow's  milk 
may  be  added  to  raise  the  jiercentage  of  fats  to  the  normal,  but 
must  he  ])erfectly  fresh  and  oidy  added  to  the  milk  immediately 
before  it  is  given  to  tlie  child.  While  milk  is  standing  for  the 
cream  to  rise  it  is  very  apt  to  turn  a  little  sour;  the  amount  of 
this  sour  milk  (\irried  olT  with  the  cream  is  itself  no  harm 
when  mixed  with  a  large  bulk  of  fresh  milk;  it  carries  with  it, 
however,  some  of  the  fungus  whose  development  causes  the 
souring,  and  tliis  will  rapidly  develop  and  sour  all  the  milk  it 
is  added  to  if  the  mixture  be  let  stand.  As  the  infant  grows 
older  less  diluted  cow's  milk  may  gradually  be  given;  after 
the  seventh  or  eighth  month  no  addition  of  water  is  necessary. 

In  tlie  first  weeks  after  birth  it  is  no  use  to  give  an  infant 
starchy  foods,  as  arrowroot.     The  greater  part  of  the  starch 
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pgnes  through  the  howels  uiiehuiiged;  appurently  because  the 
pancreas  lius  not  jet  fully  tlevelopod,  and  hiis  not  commenced 
tu  nuike  its  8tiirc?h-convcrtiiig  ferment.  Later  on,  stiirchy 
substances  may  be  added  to  the  diet  witli  adviuitage,  but  it 
filiotdd  be  borne  in  ndud  that  tliey  cannot  form  the  cliief  part 
of  the  child's  fooii;  it  iieetls^  proteids  for  the  formation  of 
its  tissues,  and  amyhiiiJ  foods  contain  none  of  these.  Many 
infants  are,  ignorantly,  half  starvt^d  by  being  fed  alnjost  en- 
tirely on  such  tilings  as  corn-flour  or  arrowroot. 

Puberty.  The  condition  of  the  reproductive  organs  of 
each  sex  described  in  prcctHliug  iiages  is  that  fotui*l  in  adults; 
although  mapped  out,  ami,  tu  a  r-ertaiu  extent,  developed 
before  birth  and  during  chihlhootl,  these  parts  grow  but 
slowly  and  remahi  functionally  incapable  during  the  early 
years  of  life;  then  they  comparatively  rapidly  increase  in  size 
and  become  physiologically  active;  the  boy  or  girl  becomes  man 
or  woman. 

This  period  of  attaining  sexual  maturity,  known  as  pul>erty, 
takes  phwe  from  the  eleventh  to  the  sixteentli  yeai\  and  is 
accomjtanied  by  changes  in  !nany  parts  of  tire  Kody.  Hair 
grows  more  abundantly  ou  the  ])iibes  and  genital  organs,,  and 
in  the  armpits;  in  the  male  also  on  various  parts  of  the  fat^e. 
The  huPs  shoulder?;  broaden;  his  larynx  enlarges^,  and  lengthen- 
ing of  the  vocal  cords  causes  a  fall  in  the  pitch  of  his  voice; 
all  the  reproductive  organs  increase  in  size;  fully  formed  seminal 
fluid  is  secreted,  and  erectiojis  of  the  penis  occur.  As  those 
changes  are  completed  sjiontaneons  nocturnal  seminal  emia- 
aions  tiike  place  from  time  to  time  during  sleep,  being  usually 
associated  with  voluptuous  dreams.  >rany  a  young  man  is 
alarmeil  by  these;  he  bos  been  kept  in  ignorance  of  the  whole 
matter,  is  too  bashful  to  s]ieak  of  it,  ami  getting  some  quack 
adyertisement  thrust  into  his  hand  in  tlie  street  is  alarmed  t-o 
learn  that  his  stronirth  is  being  ilrafneil  off,  and  that  he  is  on 
the  high-roml  to  idiocy  and  impotence  unless  he  place  himself 
hi  tiie  hands  of  the  jvdvertiser.  Lads  at  this  period  of  life 
•hould  have  been  tauglit  that  such  emissions,  when  not  too 
frequent  and  not  excited  by  aJiy  voluntary  act  of  their  own, 
are  natural  and  healthy.  They  may,  however,  occur  too  often; 
if  there  is  any  rei^son  to  suspect  this,  the  family  physician 
she  u Id  he  consulted,  as  the  healthy  activity  of  the  sexual 
organs  varies  so  much  in  individuals  as  to  make  it  impossible 
to  lay  down  nnnu^rical  ndcs  on  the  subject.     The  best  preven- 
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tives  in  any  case  are,  however,  not  drugs,  but  an  avoidance  of 
too  warm  and  soft  a  bed,  plenty  of  muscular  exercise,  and 
keeping  out  of  the  way  of  anything  likely  to  excite  the  sexual 
instincts. 

In  the  woman  the  pelvis  enlarges  considerably  at  puberty, 
and,  commonly,  more  subcutaneous  adipose  tissue  develops 
over  the  Body  generally,  but  especially  on  the  breasts  and  hips; 
consequently  the  contours  become  more  rounded.  The  exter- 
nal generative  organs  increase  in  size,  and  the  clitoris  and 
nymphae  become  erectile.  The  uterus  grows  considerably,  the 
ovaries  enlarge,  some  Graafian  follicles  ripen,  and  menstruation 
commences. 

The  Stages  of  Life.  Starting  from  the  ovum  each  human 
being,  apart  from  accident  or  disease,  runs  through  a  life-cycle 
which  terminates  on  the  average  after  a  course  of  from  75  to 
80  years.  The  earliest  years  are  marked  not  only  by  rapid 
growth  but  by  differentiating  growth  or  development ;  then 
comes  a  more  stationary  period,  and  finally  one  of  degenera- 
tion. The  life  of  various  tissues  and  of  many  organs  is  not, 
however,  coextensive  with  that  of  the  individual.  During  life 
all  the  formed  elements  of  the  Body  are  constantly  being 
broken  down  and  removed;  either  molecularly  {i\e,,  bit  by  bit 
while  the  jreiieral  size  and  form  ()f  the  cell  or  fibre  remains 
unaltered),  or  in  mass,  as  wlien  liairs  and  the  cuticle  are  slieil. 
Tlie  life  of  many  or<j:ans,  also,  does  not  extend  from  birth  to 
death,  at  least  in  a  functionally  active  state.  At  the  former 
period  numerous  ])ones  are  rej)resented  mainly  by  cartilage. 
1'he  pancreas  has  not  attained  its  full  development;  and  some 
of  the  sense-orirans  seem  to  be  in  the  same  case;  at  least  new- 
born infants  appear  to  hear  very  imperfectly.  The  reproductive 
organs  oidy  attain  full  development  at  puberty,  and  degenerate 
and  lose  all  or  much  of  their  functional  importance  as  years  ac- 
cumulate. Certain  organs  have  even  a  still  shorter  range  of 
physiological  life;  the  thymus,  for  example,  attains  its  fullest 
development  at  the  end  of  tlie  second  year  and  then  gradually 
dwindles  away,  so  that  in  the  adult  scarcely  a  trace  of  it  is  to 
he  found.  The  milk-teeth  are  shed  in  childhood,  and  their 
so-called  ])ermanent  successors  rarely  last  to  ripe  old  age. 

During  early  life  the  Body  increases  in  mass,  at  first  very 
rapidly,  and  tlien  more  slowly,  till  the  full  size  is  attained, 
excei)t  that  girls  make  a  sudden  advance  in  this  respect  at 
puberty.     Henceforth  the  woman's  weight  (excluding  excep- 
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tional  caaes  of  ftccnmulatioii  of  non-working  adipose  tissue) 
remains  about  the  same  until  tlio  tliniueterie.  After  that 
there  is  often  an  inereiise  of  weight  for  sevenil  yearg  due 
iniiinly  to  iticreii&cd  fnrnmtion  of  fat;  a  maivd  weight  usually 
slowly  increases  until  forty. 

Ah  old  age  comet*  on  a  general  decline  eets  in,  the  rib  car- 
tihiges  become  calcified-,  and  lime  suits  are  laid  down  in  the 
arterial  walk,  which  thus  Icj?^  their  ehxisticity;  tlie  refracting 
media  of  the  eyehec<*me  more  or  less  opaf[ue ;  the  physiological 
irrituhility  of  the  sense-organs  in  general  diiiiiiiishea;  and  fatty 
degenera-tion,  diminishing  tlieir  working  }x>w^er,  oecurs  in 
many  tissueB.  In  the  hmin  we  Und  signs  of  less  plasticity;  the 
yonth  in  whom  few  lines  of  Iwwst  reaistance  have  been  firmly 
established  in  ready  to  tu'cept  novelties  and  form  new  a8s<T>cia- 
tions  of  idcjks;  but  the  longer  he  lives,  the  more  difliciilt  doeB 
this  beeorae  to  him,  A  man  past  middle  life  may  do  good, 
or  even  hm  best  w^ork,  but  almost  invariably  in  some  line  of 
thought  which  he  has  alreiidy  accepted:  it  is  extremely  mre 
for  an  old  man  to  take  up  a  new^  «tudy  or  change  Iiis  view^s, 
pliiioBophiciil,  scientific,  or  other.  Hence,  as  we  live,  we  all 
tend  to  lag  behind  the  rising  generatioiu 

Death.  After  tl»e  prime  of  life  the  tiggnea  dwindle  (or  at 
least  the  most  iiTiportant  ones)  ajs  they  increased  in  childhood; 
it  is  conceivable  that,  without  detith,  thiis  procesg  might  occur 
until  the  Bfxiy  wiis  reduced  to  its  original  microscopic  dimen- 
sions. 

Before  any  great  diminution  takes  place,  however,  a  break- 
down occurs  somewhere,  the  enfeebled  community  of  organs 
and  tissues  forming  the  man  is  unable  to  meet  the  contingent 
cies  of  life,  ami  death  8U])erveues.  **  It  is  as  natund  to  die  as 
to  be  Ixiru,'"'  Bticou  wrote  iong  sinee;  but  though  we  all 
know  it,  few  realize  the  fact  until  the  summons  comes.  To 
the  popular  imagination  the  prospect  of  dying  is  often  asso- 
ciated with  thought*?  of  extreme  suffering;  personifying  life, 
men  picture  a  forcible  and  agonizing  rending  of  it,  as  an 
entity,  from  the  bodily  frame  wuth  which  it  is  associated.  As 
a  matter  of  fact,  death  is  probably  rarely  associated  with  any 
immeiliate  suffering.  The  sensibilities  are  gradually  dulled  liS 
the  end  approiiehes;  the  nervous  tissaee,  ivith  the  rest,  loiie 
their  functional  capacity,  and,  before  the  heart  ceases  to  beat, 
the  individual  has  commonly  lost  consciousness. 

The  actual  moment  of  death  is  hard  to  define:  that  of  the 
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Body  generally,  of  the  mass  as  a  whole,  may  be  taken  to  be  the 
moment  when  the  heart  makes  its  last  beat;  arterial  pressure 
then  falls  irretrievably,  the  capillary  circulation  ceases,  and 
the  tissues,  no  longer  nourished  from  the  blood,  gradually  die, 
not  all  at  one  instant,  but  one  after  another,  according  as  their 
individual  respiratory  or  other  needs  are  great  or  little. 

While  death  is  the  natural  end  of  life,  it  is  not  its  aim — we 
should  not  live  to  die,  but  live  prepared  to  die.  Life  has  its 
duties  and  its  legitimate  pleasures,  and  we  better  play  our  part 
by  attending  to  the  fulfilment  of  the  one  and  the  enjoyment 
of  the  other,  than  by  concentrating  a  morbid  and  paralyzing 
attention  on  the  inevitable,  with  the  too  frequent  result  of 
producing  indifference  to  the  work  which  lies  at  hand  for  each. 
Our  organs  and  faculties  are  not  talents  which  we  may  justifi- 
ably leave  unemployed;  each  is  bound  to  do  his  best  with 
them,  and  so  to  live  that  he  may  most  utilize  them.  An  active, 
vigorous,  dutiful,  unselfish  life  is  a  good  preparation  for  death; 
when  that  time,  at  which  we  must  pass  from  the  realm  con- 
trolled by  physiological  laws,  approaches,  when  the  hands 
tremble  and  the  eyes  grow  dim,  when  "  the  grasshopper  shall 
be  a  burden  and  desire  shall  fail,"  then,  surely,  the  conscious- 
ness of  having  quitted  us  like  men  in  the  employment  of  our 
faculties  while  they  were  ours  to  use,  will  be  no  mean  consola- 
tion. 
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fibrous  tissue,  102  ;    of  wt>rkmg 

Contrasts,  visual,  547.                                           ^H 

muucle,  454* 

(Convulsive  centre,  424.                                    ^^^| 

CHiesi,  Mf.  Thorax. 

Cooking  of  meats,   821 ;   of  Tege-             ^^^^| 

CTiondrin,  1!. 

tables,  :i23.                                                      ^^H 

Chorda  tvmjtani  nerve,  898. 

Co-ordinating  tissues^  84.                                ^^^f 

Choroid,' 510. 

Coordination,  24,  188.                                    ^^^| 

Choroid  plexu.H,  169. 

Ccprd.  spinal,  161,  594.                                     ^^M 

Chromatic  aberration,  527, 

Cords.  vn<.'aK  63.5.                                           ^^H 

Cbromoplasm,  19* 

Cerium,  6,  442.                                               ^^H 

Chvle,  867. 

C^m,  322.                                                       ^^H 

Cornea,  509,                                                     ^^H 
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Coronary  artery,  216;  8inus,  215. 
Corpora  albicantia,  173. 
Corpora  geniculata,  617. 
Corjwra  quadrigemina.  167,  617. 
Corpora  striata,  167,  618. 
Corpus  callosum.  170. 
Corpuscles  of  blood,  red,  44  ;  color- 
less, 47;  platelets,  49. 
Corresponding  retinal  points,  554. 
Cortex  of  cerebrum,  622. 
Corti,  organ  of,  562. 
Costal  cartilages,  72. 
Costal  respiration,  893. 
Coughing,  425. 
Cranial  nerves,  172. 
Cranium,  78. 
Cream,  822. 
Cretinism,  858. 
Cricoid  cartilage.  634. 
Crura  cerebri,  167. 
Crying.  426. 

Crj'pts  of  Lieberkalin,  841. 
Crystalline  lens,  516. 
Curare  [wisoning,  129. 
Cutaneous  secretions,  447. 
Cutis  vera,  442. 
Cystic  duct,  844. 

Daltonism,  546. 

Death,  671. 

Death  stiffening,  12i^,  457. 

Defects  (optical)  of  eye.  525,  526. 

Degeneration  of  nerve-fibres,  209. 

Degenerations,  in  brain,  619  :  in 
si>inal  cord,  5t)6. 

Deglutition,  8G8. 

Dentine,  881. 

Depressor  nerve,  276. 

Dermis,  5,  576. 

Desceinet,  membrane  of,  510. 

Deutoplasm,  20. 

Development,  29. 

Diabetes,  855,  470 

Dialysis,  42. 

Diapedesis,  281. 

l>ia])hragin,  4,  886. 

Dietetics,  474. 

Diet,  mixed,  advantages  of,  825. 

Differentiation  of  the  tissues,  29. 

Digestion.  301. 

Digestion  of  a  tvpical  meal,  375. 

Dii)loe.  89. 

Dislocation,  96. 

Dispersion  of  light,  519. 

Dissimilation,  22. 

Distance,  perrej)tion  of,  552,  574. 

Division  of  i)hysiological  employ- 
ments. 80. 

Dorsal  (neural)  cavity,  5. 


Dorsal  (thoracic)  vertebrae,  66. 

Drum  of  ear,  557. 

Ductless  glands,  354. 

Duodenum,  889. 

Dura  mater.  160. 

Duration  of   luminous  sensations, 

589. 
Dyspepsia,  377. 

Ear,  657. 

Eggs,  821. 

Elasticity  of  muscle,  137. 

Elastic  cartilage,  104. 

Elastic  tissue,  102. 

Electrical  currents,  of  mascle,  138; 
of  nerve,  198. 

Elements  found  in  body,  8. 

Eliminative  (excretory)  tissues,  33. 

Emmetropia,  525. 

Emulsification,  369. 

Enamel,  881. 

End  bulbs.  576. 

Endocardium,  213. 

Endolvmph,  560. 

Endo-skeleton,  63. 

End  plates,  121. 

Energy,  conservation  of,  802  ;  ki- 
netic, 303;  lost  from  body  daily, 
300,  480;  of  chemical  affinity, 
304;  potential,  803 ;  musculai. 
source  of,  140,  454:  source  of, 
in  bodv,  804  ;  utilization  of,  in 
body,  810. 

Energv-vielding  foods,  452. 

Enzymes,  11,  368. 

Epidermis,  5.  441. 

Epiglottis,  684. 

Epithelium,  6,  86. 

Epithelium,  ciliated,  110. 

P^quilibrium  sensations,  614, 

Erect  posture,  149. 

Ethmoid  bone,  75. 

Eustachian  tube,  558. 

P^xcretion.  282. 

Exercise,  154. 

Exoskeleton.  63. 

Expiration.  890. 

Expiratory  centre,  421. 

EiXternal  auditory  meatus,  557. 

External  ear.  557. 

External  res]>i ration,  880. 

Extrinsic  reference  of  sensations, 
501. 

I'^e,  504;  apj)endages  of,  505;  op- 
tical d«'fects  of.  526  ;  physiology 
of.  r>:K) ;  refraction  of  light  in, 
521. 

Eyeball,  509. 

Eyeball,  muscles  of,  507. 


^^^^^^^^^^^^^imEx.            ^^^^^^f^^^^^M 

^T    Ejelid8,  5O0, 

(taHtrte  juice,  865.                                           ^^^| 

^^^H 

1         Fftcial  nervf*,  174. 

Ut^latinMids.  10,  319.                                         ^^H 

1         False  vtmii,  cords»  (JS5. 

Uemmation.  644.                                                ^^^H 

■         Fat.  12.  im. 

(.flands.  281.                                                         ^^H 

H         Fat,  Hoiirre  of,  in  Ixxly,  472. 

tj  I  en  Old  roHsa,  77.                                              ^^^| 

■          FatijTtie  of  retiiiu,  546. 

Gliding  joiut*^,  96.                                          ^^^| 

Fattv  lUsue,  lOT. 

tHi>>son.  iMipHtile  of,  346.                                    ^^^| 

Faiux'M.  335, 

U1oIh<  nf  c've.  5<m,                                          ^^H 

FecliniiT  s  law,  499. 

Globulin,  *10,  47.                                                       W 

Foediiii;  of  infants,  067. 

Ulossopharvngt^al  nerve,  174.                          ^^^B 

Ft' moral  nrtt^r\\  220, 

IJlotti^,  635,                                                        ^^M 

Feniiir,  78,  93,                                      , 

(jilueoHt^  (grape  Hugar),  12.                              ^^^| 

FLTiiients,  11,  303. 

(Uuten,  322.                                                        ^^M 

Ferfilizatkni,  a"j9. 

tilycerint*.                                                           ^^^| 

Finer.  4Hr). 

Uhc4jebotie  aeid,  12.                                          ^^^H 

Fibrin.  10.  52,  54. 

Glycogen,  12.  406.                                              ^^H 

Fibrin  fermtiiT,  r^r*. 

Umeliu's  le^r,  370.                                            ^^^| 

Filirinogen,  10,  54. 

Goitnj.  857.                                                             ■ 

Fibro  cartilage,  104. 

Golgi'H  tend<*n  organs,  132.                             ^^B 

Fibula,  70. 

Grape  JiUgar,  12.                                               ^^^^ 

Fick  and  W^^^leceIms,  455. 

Great  nm^ntun],  339.                                        ^^H 

Filiform  papilUe.  ^H. 

Growth,  17.                                                        ^^H 

Flesh  ftMKis,  a2i. 

Gullet.  336,                                                                M 

Folbrles  of  liairs,  444. 

^^^B 

Fontaii*-nt>s,  93. 

Ihrninl  (ventral)  cavity,  4,  6.                          ^^^| 

Food  of  plants.  315. 

llitnimtin.  12,  47.                                               ^^H 

FcKKis,   defitiition  of.  317;  i-nprgr 

IhffuiatcdjlaHtH,  62.                                               ^^^| 

yielding.  452;  tiesliy,  321;  iion- 

IhEmoghibIn,  40,  405.                                     ^^M 

oxidiaable.     310,     320;      tissue- 

Hairs,  444.                                                         ^^H 

fomitng,    313,    452;    vt'geUblt^, 

HaireelLs,  562.                                                   ^^1 

322, 

Hamnier-lMine,  558,                                         ^^^H 

FcK>t,  skeleton  of,  79. 

Hund,  skeleton  <>S,  77.                                           ^M 

Foramen,  inter verttdiral,  71 ;  mag- 

Haversian canalf!,  87.                                                 H 

num,  75;    of  Monro,   171,   0I&; 

Hearing.  557,                                                           B 

oval,  558;  round,  558;  thyroid, 

Heart,  213.  271;  beat  of,  227,  256,                       ■ 

78:  verU'bral  68. 

268:  nerves  of,  2.^3,                                            ■ 

Forebrain,  ItMi.  609.  618. 

Heat  product  ion  and  rc^guLation  in                       ■ 
Body.  477.                                                           ■ 

Porelimlj.  skeleton  of»  77, 

Fornix,  170. 

Heal  lo>*t  from  lungs.  399.                                     H 

Fi^g.  heart  of,  256. 

Heeh  brine,  79.                                                              ■ 

Frontal  bone,  75, 

Heniianopia,  512.                                                     H 

Fuel  of  body.  806. 

Hemisphertw,  cerebral,  166  ;  f  unc-                      H 

Fundamental  pbyaiologicml  actions, 

t'ums  of,  622.                                                       ■ 

28. 

Henwen,  Ijand  of.  119.                                            J 

Fungi fonn  papilla?,  333, 

HepHtie  arterv.  343.                                            ^^M 

Fur  on  tongue.  334. 

Hepatic  cells; 344,  467.                                       ^H 

Heputie  duct,  344.                                              ^^^M 

Gall  blaibler,  344. 

Hepatic  veins.  224,  ;M4.                                   ^^H 

Oaa^lia,    im    175.    176,    184;    of 

Heredity,  thfMjriea  of,  661.                               ^^^| 

cranial    nerves,    175;    of   beart, 

llering*s    theory  of   color   iriaton,              ^^H 

257,  263  ;  of  spinal  n^rve-roots, 

^H 

163.  184;  Bj^oradic.  176. 

ei€Congh,  425.                                                 ^^H 

Uangliou,  Oasserian,   174  ;  spinal, 

Hind  limli,  skeleton  of,  78.                            ^^H 

184, 

Ilinga  joints,  95.                                                ^^^M 

Gaaes  of  blood,  404. 

Hip-joint,  92.                                                    ^^H 

Qa8e43rian  ganglion,  174. 

Hippurie  acid.  434.                                          ^^H 

Gastric  digestion.  aJM, 

Histology.    1  ;    of    adipose    tlMoe                     V 

GasUic  glands,  838. 

107;  of  areolar  tisane,  100;  ol               ^^M 
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blood,  44;  of  bone,  87;  of  cardiac 
muscle,  123  ;  of  cartilage,  99  ;  of 
connective  tissues,  100 ;  of  ear, 
661;  of  elastic  issue,  103;  of 
liairs.  444;  of  heart,  128;  of  kid- 
ney, 429;  of  liver.  344;  of  lungs, 
888,  of  lymph,  49;  of  lymph 
glands,  352 ;  of  nails,  445 ;  of 
nerve-cells,  179,  184  ;  of  nerve- 
fibres.  176 ;  of  nose,  588 ;  of 
plain  muscular  tissue,  122;  of 
skin,  441;  of  small  intestine, 
889;  of  retina,  511;  of  spinal 
cord.  181;  of  stomach,  122.  837; 
of  striped  muscle,  117;  of  teeth, 
881;  of  tactile  organs,  576;  of 
tongue,  589 ;  c)f  white  fibrous 
tissue.  101. 

Homologies  of  supporting  tissues, 
105. 

Homology,  68 ;  of  limbs,  80. 

Horopter,  554. 

Humerus,  77.  86. 

Humor,  aqueous,  516 ;  vitreous, 
516. 

Hunger,  587. 

Hyaloplasm.  19,  120. 

Hydrocarbons.     See  Fats. 

Hydrogen,  9. 

Hygiene,  1;  of  blood,  60;  of  brain, 
6:^2;  of  clothing.  892,  486;  of 
exerrise,  153  ;  of  «'y»»,  525;  of 
growing  skeleton.  90.  106:  of 
joints.  96  ;  of  muscles,  153  ;  of 
respiration.  392,  401  ;  of  sight, 
525  :  of  skeleton,  90;  of  skin, 
448;  of  supporting  tissues,  106. 

Hyoid  bone,  76. 

Hypennetropia,  525. 

Hypoglossal  nerve,  175. 

Ideas,  association  of,  631. 

Idio-retinal  light,  531. 

Ileum,  339. 

Ileo-rolic  valve,  342. 

Iliac  arterv,  220. 

lliuni.  77.* 

Illusions,  sensory,  502. 

Images,  after.  548. 

Impulse,  cardiac,  228. 

Imi>regnation,  662. 

Impulse,  nervous,  203. 

Incus,  558. 

Indigestion,  377. 

Inert  layer,  235. 

Inferior  laryngeal  nerve,  420. 

Inferior  maxillary  nerve,  174. 

Inferior  mevsenteric  artery,  220. 

Inferior  vena  cava,  215. 


Inflammation,  280. 
Infundibulum,  171. 
Inhibition  of  reflexes,  806. 
Inhibitory  nerves,  190. 
Innervation  sensations,  591. 
Innominate  artery,  219. 
Innominate  bone,  77. 
Innominate  vein,  228. 
Inogen.  141. 
Inorganic  constituents  of  Bodj,  13; 

foods,  820. 
Inosit,  18. 

Inspiration,  how  effected,  385. 
Intensity  of  sensations,  499. 
Interarticular  cartilage,  104. 
Intercostal  arteries,  220. 
Intercostal  muscles,  888. 
Internal  ear.  559. 
Internal  medium,  40. 
Internal  respiration,  411. 
Intervertebral  disks,  92. 
Intervertebral  foramina,  71. 
Intestinal    digestion,   873;    nioTe- 

ments,  378. 
Intestines.  389. 

Intrinsic  heart-nerves,  257,  263. 
Intussusception,  18. 
Iris.  510. 
Irritability,  23. 
Irritability,  muscular,  128. 
Irritable  tissues,  33. 
Ischium,  77. 
Iter,  618. 

Jaw-bones,  75. 

Jejunum,  339. 

Jelly  like  connective  tissue,  103. 

Joints,  92. 

Jugular  vein,  228. 

Karyokinesis,  18. 
Karyoplasm.  19. 
Katabolism.  22. 
Kidneys,  427. 
Kinetic  energy,  303. 
Knee-cap  or  knee-pan,  79. 
Kreatin,  11,  123,  460. 

Labyrinth,  560. 
Lachrymal  apparatus,  507. 
Lachrymal  l>one,  76. 
Lactation.  666. 
Lacteals,  44.  341. 
Lactose,  13. 

I^cunie,  lymphatic,  350. 
Lamina  s|)iralis,  561. 
Large  intestine,  342.  374. 
Laryngeal  nerves,  420. 
Larynx,  634. 


^^^^p                                            INDEX,                                                          ^H 

LaugbiDp:,  426, 

Mai  pigiiian  layer  of  epidermis,  441 ,           ^^^| 

LiSw,  the  psycho-pliysical,  4ft9, 

Malpighian    pyramids  of    kidney^          ^^^| 

Lea|>jng,  15^* 

^^B 

Least. reaifsta lice  bjpothesis,  603. 

Maltose.  362,                                                 ^^H 

Lecitbin,  18,  33L 

Manniialia,  4,                                                  ^^^| 

Lei  18,  I'rystiiHiQe,  516. 

Mandible,  75.                                                   ^^M 

LenBt*9,  re  fraction  uf  light  hj,  530. 

Manometer,  267.                                            ^^H 

Ijenticiilur  nucleus,  019. 

Marrow  of  bonf»,  87,                                      ^^^| 

I^ucin,  3C8,  46:>. 

Marrow,  spinal  (Hpinal  oq«^,  100,            ^^H 

ljeueofyt<^s,  49. 

181,  594.                                                   ^H 

Le\'ers  in  the  Boclv,  14*^. 

Matonal  daily  losses  of  Body,  299,            ^^M 

Lieh^rkilbii,  cryptn  t>f,  841. 

MaxilK  75.                                                    ^H 

Liebijf's  claxsificatitin  of  foods,  433. 

Meaiiurenient  of  arterial  pressure,           ^^^M 

Liebig'a  extract.  125. 

^H 

Ligament,  round,  93. 

Meatus,  external  auditory,  557.                  ^^^| 

Li^ment,  susrj«D8ory,  of  kna,  516, 

Mecliani^nm,  ]djy biological,  38.                   ^^^| 

534. 

Media,  rerracting,  in  eye,  515.                    ^^^| 

Ligaments.  93. 

Medirtn  posterior  tract,  598.                          ^^^H 

Li^ht.  diapers  ion  of,  51^. 

Medulla  oblongata.  167,  610.                       ^^H 

Light,  pni|mrties  of,  516. 

Medullar^'  cavity,  87.                                      ^^^H 

Light,  refraction  of,  518. 

Membrane,  ba.'^ilar,  561;  of  I>esoe*           ^^^| 

Limhs,  7. 

met,  510;  of  Kruu8i\  119;  fetic-           ^^H 

Liaibt*,  skeleton  of,  77. 

iilar,  5f>;i;  synovial,  93;  tectoiiai,                  V 

Liquid  extni<*t  uf  lut'at,  1S5. 

563:  tynipaiiic,  558.                                    ^^B 

Liquor  aaiiguiuis,  44. 

Menstruation.  658.                                         ^^H 

Liver,  844;  glyct^^^eiiic  fnnetlon  nf, 

Mesenterv,  839.                                             ^^M 

4<56;bt8lology  ot346.  4B7. 

MetaboHc  tiasiies,  38,  288,                          ^H 

Lof-al  wi^n  of  HeiisntirmH,  492. 

IdflitacarpUB,  77.                                            ^^^H 

IjCH-iil  toiuperalures,  484. 

Metatar$tus,  79.                                           ^^H 

Locjiliiyitioii  of  cerebral  functions, 

Microscopic  anatouiy,  2,  «e«  HbUil-           ^^^| 

63^. 

^^H 

I/nmlizing  powers  of  r«tina»  539. 

Mid-brain,  functions  uf,  616.                       ^^^1 

Localizing  power  of  skin,  580. 

MidrifT,  iter  Diaphragm.                                   ^^^H 

Locomotioti,  151. 

Migration,  28L                                              ^^H 
Mi  k,  322;  for  infanti^,  667.                         ^^M 

Locuis  niger,  61  fl. 

Long  sflphetnms  vein,  222, 

MiUon's  test,  0.                                              ^^H 

Long  sight,  525. 

Mitosis,  18.                                                     ^^H 

Losses  of  energy  daily,  30L  480. 

Mixed  diet,  advantage  of,  325.                    ^^H 

Losaes  of  nmtenal  from  Bodv,  299. 

McMlalilv  of  »en^lion,  492,  494.                 ^^H 

Lower  maxdla,  75. 

Modiolus.  561.                                                ^^H 

Lmnlmr  plexus,  165. 

Monro,  foramen  of,  171.  619.                            ^M 

Lambar  vertebrte,  69. 

Morula,  29.                                                           M 

Lungs.  383. 

Motion,  144.                                                    ^^M 

Lungs,  capacity  of,  391. 

Motor  area  of  cortex,  623.                             ^^^| 

Luxua  conaumptifrn,  459,  462. 

Motor  organs,  109.                                       ^^B 

Lymph,  42^  canaliculi,  1U3,  851  ; 

Motor  tissues,  85,                                               V 

chemistry    of,    62;   hearts,   353; 

Molores  oculi,  172.                                              ■ 

histology   of,    49;    lacuDce,    aW; 

Mouth,  829.                                                          ■ 

movement  of.  a53,  897;  renewal 

Movements,   asHociated,   63,    598 ;            ^^H 

of,  42;  vessels.  43,  350. 

voluntary,  622.                                          ^^^M 

Lymphatic  glandH,  352. 

Movetnenta,    intestinal,    378 ;    re-           ^^^| 

Lymphatic  system,  349. 

Kpiratory,  885.                                            ^^^H 

Lymphoid  tissue,  49,  35L 

Mucin,                                                              ^^^1 

Muccius  layer  of  epidermU,  441.                ^^^H 

Macula  lutea,  511, 

Mucous  membranes,  6,  339,  341.               ^^^| 

Malar  I  ion  p.  76, 

Mulberry  mass,  29.                                      ^^H 

Mallens.  558. 

Mumps,  384.                                                  ^^H 

Malpighiau  corpuscles  of  spleen, 

MusciB  volitantes,  529.                                ^^H 

Mnacte,  bleeps,  118;  cardiac.  138»           ^H 
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255,  262;  ciliary,  516;  stape- 
dius, 559;  tensor  tymiMini,  559. 

Muscles,  chemistry  of,  128.  457; 
histology  of.  117"  122;  of  eyeball, 
507,  of  larynx,  637;  of  respi 
ration,  387;  physiology  of,  127 
skeletal,  113;  structure  of,  112, 
117;  visceral,  122. 

Muscle  Hpindle,  121. 

Muscular  contraction,  180. 

Muscular  energy,  source  of,  140. 

Muscular  s<*nHe,  591. 

Muscular  tissue,  85,  117,  128, 
127. 

Muscular  work,  135,  454. 

Myocardium,  256. 

Myopia,  525. 

Myosin.  10,  124. 

Myosinogen,  124. 

Nails,  445. 

Nasal  bone.  76. 

Negative  variation,  189,  199. 

Nerve-cells,  179. 

Nerve-centres.  158,  181,  594. 

Nervefibres,  85,  176. 

Nerve-fibres,  classification  of,  191. 

Nerve  plexuses,  158. 

Nerve  stimuli,  194. 

Nerve  trunks,  158. 

Nerves,  158;  accelerator  or  aug- 
mentor,  270;  cranial,  172,  207 
cardiac,  253,  204 ;  laryngeal 
420 ;  optic,  512 ;  respiratorv, 
414;  secretory,  292;  spinal,  16*3 
sympathetic,  100,  175;  thermo- 
genic, 484;  trophic,  192.  295 
vaso-constrictor,  273;  vaso-dila 
tor,  279,  293;  vaso-motor,  273 
280. 

Nervous  impulses,  203. 

Nervous  Kyst«*m,  anatomy  of,  158. 

Nervous  system,  plivslology  of, 
186. 

Neural  tube  (dorsal  cavity),  5. 

Neurilemma,  177. 

Neuroglia.  180. 

Nitrogenous  compoun<ls  in  IxkIv, 
9. 

Nodal  points  of  eye,  530. 

Noises,  504. 

Non-vascMilar  tissues,  41. 

Notes,  musical,  504. 

Nuclear  spindle,  20. 

Nuclei n,  27. 

Nurleo  albumins,  28. 

Nu<-hH,lus,  17.  10. 

Nucleoplasm,  19. 

Nucleus,  17,  20. 


Nucleus,  caudate,  619;  lenticalar^ 

619. 
Nucleus,  red,  of  mid-brain.  617. 
Nutrition,  451. 
Nutrition  of  embryo.  664. 
Nutritive  tissues,  '82. 
Nystagmus,  614. 

Occipital  bone,  75. 

Oculo-motor  nerves,  172. 

Odontoid  process,  95. 

Odorous  bodies,  588. 

CEsophagus.  886. 

Olecranon,  81. 

Olein.  12. 

Olfactory  lobe,  167. 

Olfactory  nerves,  172. 

Olfactory  organs,  588. 

Omentum,  ^. 

Ophthalmic  nerve,  174. 

Optical  defects  of  eye,  526. 

Optic  commissure,  512. 

Optic  nerves,  172,  512. 

Optic  thalaml.  167,  170,  61& 

Optic  tracts,  512. 

Organ  of  Corti,  562. 

Organs,  1.  86;  of  animal  life,  110; 
of  circulation,  211;  of  common 
sensation,  587;  of  digestion,  828; 
of  movement,  109;  of  relation, 
110;  of  reproduction,  647;  of 
respiration,  380;  of  secretion, 
282;  of  special  sense.  490.  493; 
urinarv,  427;  of  vegetative  life, 
110. 

Os  calcis,  79. 

Os  innominatum,  77. 

Os  orbiculare,  559. 

Os  pubis,  79. 

Osmazome,  321. 

Ossicles,  auilitorv,  558. 

Otoliths,  564. 

Oval  foramen,  558. 

Ovary,  652,  655. 

Overtones  (upper  partial  tones), 
568. 

Ovulation,  658. 

Ovum,  29,  656. 

Oxidation  by  .stages,  309. 

Oxidations  in  the  bodv,  307,  451 
454. 

Oxygen  in  the  blood,  407. 

Oxygen  consumed  daily,  400. 

Oxyhjcmoglobin.  405. 

Oxyntic  cells,  338. 

Pacinian  bodies,  576,  578. 
Pain.  585. 
Palate,  329. 
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Pal  lit  e  hones,  76, 

Pitch  of  voice,  640.                                   ^^H 

Faitijutin,  12. 

Pituitury  body,  171,  359.                            ^^H 

FiiiK'ieAJ*,  2\m,  340,  358. 

Pivot  joints,  95.                                           ^^^H 

PftiirrHHTic  swrftion,  368. 

Placenta,  605.                                                 ^^H 

PdpilUirv  nmf<cles.  :;i7,  230. 

Plain  muscular  tissue,  123,  142.               ^^^| 

FapilliL'ol  toiiKULN  mi,                       ' 

Plustic  foods,  453.                                       ^^M 

Par*glol*uUn.  lU,  54. 

Platelets,  or  plaques  of  blocx!^  49.           ^^^| 

PaTap«ptont%  3UG, 

Pleura.  5,  383.                                             ^^M 

P&rapl&BTu,  20. 

Plexus,.  15^;    bnicbiiil,    104;    car*          ^^H 

Parieul  tk>n«*.  75. 

diuc,  176;  cervicul.  104,  choroid,          ^^^| 

Piirotiti  irland,  2m\  334. 

169;   Inmhar,    11)5;   sacral,    160;          ^^M 

Partial  tojivs  5*18. 

17B.                                                 ^^H 

Parturitiuii,  004. 

Pneuniogastric    nerves,    174,    204,          ^^^| 

Pati^lla.  7^. 

^H 

Pftthetkas,  173. 

Polar  ^^lobuk'S,  mO.                                    ^^M 

PftthnJog-v,   L 

Pons  Varolii,  167,  013.                                ^^H 

Peas,  323. 

Piipliteul  artery.  22(K                                  ^^H 

Pectoral  im-li,  77. 

Port-al  eirriihition,  223,  847.                       ^^H 

Pelvic  arch,  77. 

Portal  veio,  343.                                         ^^H 

Pendular  vibmtinnH,  565. 

Posterior  tibial  arterv,  220.                       ^^H 

Pepsin,  3&"5. 

Pt^tnres.  149.                                               ^^H 

PeptoDCH,  ID,  303,  372, 

Potatoes,  323.                                                ^^H 

Perceptions,     StK) ;     visual.     553  ; 

Potential  energy,  303.                                  ^^^H 

andilory,  574. 

Pregnancy,  662.                                           ^^^| 

PericanJium,  213* 

Preshyo[iin,  526.                                          ^^H 

Pericliuntlriuin.  98. 

Pressure,  arterial,  242.                             ^^H 

Perilynipk,  m\ 

Pressure,  intra- thoracic,  884.                    ^^^| 

PeriuiTs  mil.  117, 

Pressure  sensi^  578.                                    ^^^| 

Perinenritiiii,  177. 

Primates.                                                     ^^H 

Periosteum,  85. 

PrcMhjctiiin  of  heat  iu  iimly,  477,              ^^^H 

Peripberal  reference  of  sen.sations, 

Pronation,  96,                                             ^^H 

49K  501. 

Proofs  of  circulation,  251.                        ^^^| 

Periataltic  movements,  365. 

Prostate,  649.                                              ^^H 

Peritoneum,  5,  337. 

Protective  tissues,  36.                               ^^^| 

Pes  of  cms  cereljri,  016. 

Proteida,  9,  314,  453,                                ^^M 

Pettenkrvfer^s  te^t,  370. 

Proteids,  oxidatioti  of,  455.                       ^^^| 

Pever'a  patcbes,  352. 

Protoplasm,  19.  26.                                      ^^H 

PliWocytes,  48, 

Plialangea  of  fingers  and  toes,  77, 

Psychical  activities  of  cor<3,  607.             ^^^B 

Psycho-physical  law,  409.                               ^M 

79, 

Ptr>sis.  509.                                                         ■ 

Pliaryni.  8^5. 

Ptvaiin,  36d.                                                      H 

Phrenic  nerve.  106,  390, 

Pul»ertv,  669.                                                    ■ 

Physiological  chcinL'*try,  8. 

Pubis,  77.                                                           ■ 

Phyaiological  mechiinisms,  38, 

Pulmonary  artery,  214.                                   H 

PbysNjlogical  properties,  16. 

Pulmonary  circulation,  223,                            ^M 

Pbysloln^y,    1 ;    of    blootl- vessels. 

Pulunmarv  veins,  216,                                       H 

227;  of  brain,  600;  of  connective 

Pulse,  246.                                                    ^^B 

tissues,   1U2;    of  digestion,  3«1: 

Purkinje's  experiment,  538.                     ^^^M 

of  euT.  504,  571;  of  eve,  530;  of 

Pus.  48.                                                     ^^M 

Ueart,  253;  of  kidneys,  435;  of 

Pylorus,  336,  ^38.                                      ^H 

innsclt>«,    127,    144 ;    of   nerves, 

Pyramidal  tracts,  507.                                ^^^B 

IHO;  of  nerve. centres,  180,  694; 

Pyramids  of  Malpigbi,  429.                     ^^^| 

of  nntritinn,  451;  of  respiration. 

Pyrexia.  485.                                                ^^H 

885,  398,  414;  of  skin,  440,  578; 

^^^H 

of  smell,    687;  of   spinal   cord. 

Qualliies  of  sensation,  491.                        ^^^| 

594;  of  taste,  589;  of  IqucU.  578. 

Quant  it  v  of  air  breathed  daily,  89^.          ^^H 

Pia  mater,  160, 

Quantity  of  blood,  01,                                ^^1 

Pineal  gland,  171. 

Pitch  of  notes,  564. 

^H 
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Radial  artery,  219. 

Radio.alnar* articulation,  95. 

Radius,  77. 

Range  of  voice,  640. 

Rate  of  blood  flow.  248. 

Receptaculum  chyli,  350. 

Receptive  tissues,  82. 

Rectum.  342. 

Red  blood-corpuscles,  44,  60. 

Reduced  hemoglobin,  405. 

Reflex  actions,  188,  600. 

Reflex  convulsions,  602. 

Reflex  time.  608. 

Reflexes,  acquirtni,  613. 

Reflexes,  inhibition  of,  606. 

Refracting  media  of  eye,  515. 

Refraction  of  lenses.  520. 

Refraction  of  light,  518. 

Refraction  in  the  eye,  521. 

Regulation  of  teni]>erature,  482. 

Renal  artery,  220,  427. 

Renal  organs.  427. 

Renal  secretion,  482. 

Rennet,  365. 

Reproduction,  22,  644. 

Reproductive  tissues,  36. 

Residual  air,  392. 

Resistance  theory,  419. 

Resonance,  sympathetic,  569. 

Respiration,  22,  380. 

Respiration,  chemistry  of,  398. 

Respiration,  n<*rves  of,  414. 

Respiratory  centre,  414. 

Respiratory  foods.  451  J. 

Respiratory  movements,  385;  infla- 
ence  of,  on  circulation  and  on 
flow  of  lymph,  394. 

Respiratory  sounds,  391. 

Reticular  mpml)rane.  563. 

Reticulum  of  cells,  19. 

Retiform  (adenoid)  connective  tis- 
sue. 103. 

Retina.  511,  514. 

Rhythmic  movements,  417. 

Ribs.  72. 

Rib  cartilage,  72. 

Rice.  3-23. 

Right  lymphatic  duct.  350. 

Rigor  mortis,  123.  457. 

Rods  and  cone.s,  513,  532. 

Rolando,  fissure  of,  023. 

Round  foramen,  558. 

Running,  152. 

Sacculus,  561. 
Sacral  plexus,  166. 
Sacral  vertebrae,  69. 
Sacrum,  69. 
Saliva,  uses  of,  361. 


Salivary  glands.  368. 

Salivary  glands,  nerves  of,  298. 

Salivin  (ptyalin).  362. 

Santorini,  cartilages  of.  685. 

Sarcolactic  acid.  13,  133. 

Sarcolemma,  118. 

Sarcomere,  119. 

Sarooplasm,  120. 

Sarcous  element,  190. 

Sarcosome,  120. 

Sarcostyle,  119. 

Scale  of  c(x;hlea,  561. 

Scalene  muscles,  888. 

Scapula.  77. 

Sciatic  nerve,  166. 

Sclerotic,  509. 

Sebaceous  glands,  446. 

Secondary  (acquired)  reflexes,  619L 

Secretion,  282. 

Secretion,  cutaneous,  447. 

Secretion,  renal,  432. 

Secretory  nerves.  292. 

Secretory  tissues.  32,  288. 

Sections  of  Body,  6. 

Segmentation  of  ovum,  29. 

Segmentatiim  of  .skeleton,  67. 

Semicircular  canals,  560,  563,  574, 
615. 

Semilunar  valves,  217. 

Sensation.  488;  color.  541;  com- 
mon, 490.  585;  intensity  of,  499: 
of  equilibrium,  614;  of  hunger, 
587;  special,  490;  of  thirst.  587; 
pain,  5S5;  perijdieral  reference 
of,  491.  501;  qualities  of.  491. 

Sense-organs.  493. 

Sense,  nmscular,  591;  of  hearing. 
557;  of  pain.  585;  of  sight,  530; 
of  smell.  587;  of  taste,  589;  of 
temi>erature,  582;  of  touch,  576. 

Sensory  illusions,  502. 

Serous  or  Ivmph  canalicali,  108, 
351. 

Serous  cavities,  351. 

Serous  membranes,  5. 

Serum,  51.  59. 

Serum  albumin,  9,  59. 

Shin-bone,  79. 

Shine,  555. 

Shingles.  192. 

Short  sight.  525. 

Shoulder-blade,  77. 

Shoulder-girdle,  77. 

Sighing,  425. 

Sight,  sense  of.  530. 

Sight,  hygiene  of,  525. 

Sigmoid  flexure.  342. 

Single  vision,  553. 

Size,  perception  of,  558. 
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^r              Skeleton,   03  :    upppndirular.    77  ; 

StimuUi!^.  24.                                            ^^H 

■                     axial,    R4.    tl?  ;   of   face.    75^  of 

Stirrup- bone,  558.                                     ^^^| 

H                     skull.  72;  pwnliaritie^of  humajQ, 

Btomucb.  122,  336.                                   ^^H 

■                    m\  of  tliomx,  386 

Btoniata,  lympbatic,  851.                         ^^^| 

■                Bkin,  5.   441:  ^iiihds  of,  446;  liy- 

Storage  tiBsues.  33.  464.                           ^^H 

H                     ^nene  uf,  448;  nerve  endings  iu, 

Stmbi^niu^i  (squintin^rj,  509.                    ^^H 

■                    ^7(^ 

Struclure  of  bone.  85.                                 ^ 

■                SkulU  72, 

Stryclinine  |«»isftniii/r,  602, 

■                 Smnll  intestme,  339« 

Subclavian  artery.  21  IK 

■                 SineH.  587. 

Subcutaneous  areolar  tiastio,  448. 

■                Snt^e^in^,  4*20» 

Sublin^uiil  pland,  336. 

H                 Solur  plexus,  176. 

Submaxillary  ^Hand,  293,  384. 

B                 Soliip  spectrum.  519, 

Succus  enteriru.s,  37 L 

fi                   Solidity,  visuftl  perception  of,  554. 

Sudoriparous  pbmd,^,  446. 

Soliilde  feriiientM,  IL 

Superior  laryn^^ud  nerve,  420. 

Sotmds,  564. 

Superior  maxillary  nerve,  174 

1                     Sounds  olt be  lieart,  JHO. 

Sujjerior  mesenteric  artery,  220. 

Sounds,  re*^piratr>ry,  391. 

Supination,  96. 

Source  of  an  i  inn  I  lii  at,  479,                , 

Supplemental  air,  892, 

Source  of  faLs,  472, 

Supporting  tissues,  32,  105, 

SoQ  rce  o  f  ^,^1  y c^  »^'e  u ,  4  68. 

Supra  renal  capsules »  359.                         ^^^H 

8ourc4i  of  luuBculttr  work,  464. 

Suiur(\s  92.                                                  ^^^1 

Source  of  urea,  460. 

Swallow  ing,  363. 

Sources  of  energy  U>  Body,  304. 

Sweiit.  4*16: 

Sp^ial  nenses,  4W. 

Sweat-glftnd.s,  446, 

Speeific  elenientH,  383. 

Sweatglands,  nerves  of.  293. 

Specific  nerve  energies,  197. 

Sweetbread.  290,  346.  358. 

SpectacU'i*.  526. 

Sjnipatbelic    nervous    system,    5, 

Spetfcb.  6;13. 

160,  175. 

Sperumtoxoa.  651. 

Synipaibetlc  resonance,  *569. 

Splieimid  Ume,  75. 

Syinfiatlietic  resonance  in  ear,  573, 

Bpheriiml  alx^rration,  527. 

Synovial  membranes,  98. 

Spinal  eohmin.  71. 

Syntonin,  125, 

Spinal  cord.   16L  594  ;  conduction 

SyHtem,  alimentary,  328  ;  circula- 

in, 5M;  funcriou«  of,  187,  594, 

tory.  211;  muscular,  116.  127; 

600 ;    histologfjr  of,    181  ;    mem- 

nervous. 158.  186;   onseous.  63; 

branes  of.  160;  pBycliical  activi- 

respiratory,  380  ;  reniil,  437.                       , 

ties  of,  607. 

Systemic  circulation.  223. 

Spinal  acr<i*.sary  nerve.  174. 

Systems,  anatomical,  39.                           ^^^H 

Spinal  marrow,  an  Spinal  cord. 

^H 

Spinal  nerves*.  163. 

Tactile  organs.  576.                                   ^^M 

Spinal  nerve-roota,  163.  206. 

Taking  cold.  278,                                             V 

Spleen,  356. 

TarhUH,  79.                                                        ■ 

Spon#riopla-sm.  19. 

Taste,  589.                                                            ■ 

Spontaneity,  25. 

Taste  buds.  689.                                                 ■ 

Sporadic  ganglia,  176. 

Taurm^bolicaeid.  13,                                          ■ 

Spniius,  9J. 

1^. arglands,  5U7,                                                 ■ 

Squinting,  509. 

Tectorial  membrane,  563.                          _^^H 

SUMiesof  lif*^  670. 

Teetb,  329.                                                     ^H 

Stapedius  muticle,  559, 

1>etb.  structure  of,  331,                           ^^H 

Stapes,  bm. 

Tegmentum,  616                                          ^^^| 

Stareli,  323;  digestion  of,  ^62,  867. 

Temperature  (»f  Body,  478.                      ^^^| 

Starvation,  p  rote  id,  403. 

Temperature,  bodilv,  pegulationof,         ^^^ 

Suiti-.nary  air,  ^92. 

482.                                                                  ■ 

Stearin,  12. 

Temperature,  influence  of,  on  pube                H 

Sterefj?«co|iic  virion,  555. 

rate,  271                                                           ■ 

Bierruim.  72. 

Temperature  sense,  582.                            ^^^| 

Stiuiuli,  inasciilar.   128  ;   nervous, 

Temj^'nitiiren,  local,  484.                         ^^^^f 

194.                                               ; 

~1A 

684 


INDEX. 


Temporal  bone,  75. 

Tendons.  118. 

Tension  of  blood  gasee,  407. 

Tensor  tjmpani  mascle,  559. 

Testis.  648. 

Tests  for  proteids,  10. 

Tetanus,  183.  140. 

Tbalamencepbalon,  171,  618. 

Tbeory,  resistance,  419. 

Tbeory  of  color  vision,  542,  548. 

Tbermogenic  nerves,  484. 

Tbigb-bone,  78. 

Tbirst.  587. 

Tboracic  duct,  850. 

Tboracic  vertebrte,  66. 

Tborax,  aspiration  of.  251,  898; 
contents  of,  5;  movements  of,  in 
respiration,  885 ;  skeleton  of, 
887. 

Tbroat,  885. 

Tbyroid  body,  857. 

Tbyroid  cartilage,  684. 

Tbyroid  foramen,  78. 

Tbvmus,  858. 

Tibia,  79. 

Timbre,  564. 

Tissues,  1 ;  adenoid,  103 ;  adipose; 
107  ;  areolar,  100  ;  assimilative, 
82;  automatic,  84;  bonv,  87;  car- 
tilaginous, 100;  classi^cation  of, 
81;  c<»nductive.  85;  connective, 
68,  100;  contractile.  35.  117;  co- 
ordinating, 34.  r)94;  clastic,  102; 
eliniinutive,3*2;  excrotory,  32;  ir- 
ritable, 33;  jelly-like  connective, 
103,  lymphoid,  49;  nietalH>lic,  33, 
288  ;  motor,  35,  121  ;  muscular, 
35,  127;  nervous,  170;  nutritive, 
82 ;  plain  muscular,  123.  142  ; 
jiroteclive,  3(5;  recej)tive,  82;  re- 
productive, 3(5;  reNi)irntory.  33; 
retiforni  or  adenoid,  103  ;  secre- 
tory. 32.  283  ;  storage,  33,  4(54  ; 
8upix)rtinir,  32;  undilTereutiated, 
32;  white  Hhrous,  100. 

Tissue-forming  fo4Kis,  314,  452. 

Tone,  sensations  of,  564,  568. 

Tcme  color  (timbre),  564. 

Tonirue,  332. 

Tonsil,  :rd5. 

Touch -organs.  576. 

Touch,  sensations  of,  578. 

Tniclu?a,  382. 

Tracts  of  degeneration  in  spinal 
cord,  596. 

Training,  157. 

Transudata.  283. 

Trigeminal  nerve,  173. 

Troi)hic  n»Tves,  192,  295. 


Trypsin,  289,  869. 
Tanica  ad  vent  it  ia.  225. 
Turbinate  bones,  76. 
Tympanic  bones,  557,  571- 
Tympanic  membrane,  557,  571. 
Tvrein,  10. 
Tyrosin,  868,  462. 

Ulna,  77. 

Ulnar  artery,  219. 

Undifferentiated  tissaee,  82. 

Upper  maxilla,  75. 

Urea.  11.  484,  460. 

Ureter,  427. 

Uric  acid,  11.  484 

Urinarv  organs,  427. 

Urine.  482. 

Uterus.  652. 

Utilization  of  energy  in  Body,  810 

Utriculus,  561. 

Uvula,  829. 

Vagus  nerve,  174,  264,  420. 

Valve,  ileocolic,  842. 

Valves,  auriculo-ventricular.  217 ; 
of  veins,  226;  semilunar,  217. 

Valvules  conniventes.  889. 

Vaso- constrictor  centre,  276. 

Vaso-dilator  centre,  280. 

Vaso-dilator  nerves,  278.  279,  298. 

Vaso-motor  nerves.  278,  280. 

Vegetable  foods,  322. 

Veins,  220,  226;  cephalic,  222; 
coronary.  215;  hei)atic,  345;  in- 
nominate, 228;  jugular,  2?3:  long 
8aj)henous,  222;  iH)rtal,  224,  845; 
jmlmonary,  216. 

Velum  interjM^situm,  169. 

Vena  cava,  215. 

Venous  1)1o(k1,  225. 

Ventilati<m,  401. 

Ventral  cavity,  3,  6, 

Ventricles  of  brain,  1(58;  of  lar\Tix. 
635. 

Vermicular  (peristaltic)  move- 
ments, 365,  378. 

Vermiform  appendix,  342. 

Vertebrje,  64;  cervical.  68;  coccy- 
geal, 70;  dorsal  or  tlioracic,  66; 
lumbar,  69;  sacral,  69. 

Vertebral  artery.  219. 

Vertebral  column,  3,  64,  71. 

Vertebral  foramen,  (58. 

Vertebrata.  3. 

Vestibule,  560.  561.  574. 

Vibrations,  analysis  of,  568;  com- 
j)ositi(m  of,  5(57;  peudular,  565; 
sonorous,  5(54. 

Villi  of  intestine,  341. 
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Vision,  color,  641. 
Vision,  purple,  511,  585. 
Vision,  stereoscopic,  555. 
Visual  axis.  541. 
Visual  contrasts,  547. 
Visual  perceptions,  551. 
Visual  sensations.  580,  586:  dura- 
tion of.  589;  intensity  of.  536. 
Vital  capacity,  892. 
Vitreous  humor,  516. 
Vocal  chords,  685. 
Vocal  chords,  false,  685. 
Voice,  688. 

Voluntary  movements,  622. 
Vomer,  75. 
Vowehi,  640. 

Walking,  151. 
Wallerian  method,  210,  596. 
Wandering  cells,  103. 
Warm-blooded  animals,  477. 
Water,  constituent,  27. 


Water,  percentage  of,  in  body,  13. 
Weber»s  law,  499. 
Weber's  schema,  240. 
Weissman's    theory    of   heredity, 

661. 
Wheat,  823. 
Whipped  blood,  52. 
Whispering,  648. 
White  blood-corpuscleft.  17,  47,  60. 
White  fibrous  tissue,  101. 
Windpipe,  882. 
Work,  muscular,  185. 
Wrisberg,  cartilage  of,  685. 
Wrist,  77. 

Xantho-proteic  test,  9. 

Yawning,  425. 
Yellow  spot,  511 

Young^s    theory  of    color    vision, 
542. 

Zoological  position  of  man,  2. 
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cam  Science  Series ^  tkis  list  contains  nc  works  in  Pkiiosopky  or  Economics. 


BiTicrtcan  Science  Serfeis 

1.  Ailroitomy.     By  Simom  Kkwcomb,  Professor  in  ihe  Johns  Hopkins  rnJTersiiy^ 

and  EuwAJtD  S.  Hdlden,  late  Dtrector  ullhe  Lick  Observatory,  California. 

Adtt>^Hifd  Cfitirtf^     5t2  pp.     8vo.     |a.oo  it^/. 
The  vamr.     Britft*  C^urst,     553  Pp-     laiuo.    %%,%%  met. 
The  same.    Eltmtntary  Count.    By  E.  S,  Holosw.   446pp.   lamo.     %\,9onet. 

2.  Zimlooy.    Bjr  A,S,  Packard,  Jr.,  Professor  in  Brown  UnJiversity.   Advanced 

Ccurt*.     793  pp^     8yo.     $4.40  N//. 
The  same.     Uritftr  C&urtf.     138  pp.    fi.is  *i//. 
The  same.     Eltmtntary  C^mrse.    990  pp.     itmo.     80  ccfits  »//. 

3.  Botany.     By  C.    E.   Brsskv,    Professor    In    the    University    of    Nebraska. 

AilvdHcid  Ci'urtt.     6(»pp.    Svo.     |k.«o  m//. 
The  »ame,     Britftr  Count,     356  pp.     %%,x%n*t, 

4.  Th*  H«»ni»»  Body.     By  H.  Nbwhli.  MAnrtN,  sometinie  Professor  in  the  Johas 

Hopkins  University, 

Adx^m^ed  Caurst.    685    pp.     Bvo.     %t.^o  nrt.     Copies    without  chapter  OQ 

Reprodiictiofi  sent  when  specially  ordered. 
The  same.    Brif/tr  Count,   {Entirely  ntw  tditiem  revistd  ty  Prof,  G,  iVetlt 

Fitz^  of  Ha  rt'a  rd.)     408  pp.      1  i^lTVo.     f  1 .  ao  *// , 
The  same.     Elemtutary  Coursr.     261  pp.^     i»aio,     75CCOI1  «#/. 
The  Human  Body  and  the  Effect  of  Narcotics.    ar6t  pp.    iitno.    fi.^o  mH, 

5.  Chomistry.     By    Ika   Rimskn,    Professor    in    John*    Hopkios    UaiversUy. 

Advanced  Courst,     850  pp.     Bvo.     |a.8o  4r/. 

The  same*    Brit/er  Course ,    435  pp.    |t,i3  net. 

The  same.    Eiemtntary  Course,    373  pp.    ismo.    80  ccota  net. 

IjahoTAiorfVi^nxy^XitoElemtntarjCotirst).     tiy6pp.     umo*    40  ceots  «r^/. 

ChcmicAl  Rxperimcnts.     By  Prof,  Remakn  and  Dr.  W.  W.  Rahdai  1 .     {Fe>r 
Briefer  Cifurie.)    No  blank  pa(^es  for  notes.    158  pp.    umo,    50  cents  net. 
A.     PoliliesI  Eeonomv.     By  Fmancis  A.  Waljcei);,  President  Maasachusctu  Insti- 
tute of  Technology.     A diHt weed  Course,    537  pp.     8vo.     %9.t»  net. 

The  lume.     Brie/er  Course.     413  pp,     tzmo.    $1  to  net. 

Thcsamc,^     Elementury  Course,     433  pp.     lamo.     %\.vinet. 

7.  Q»nsr«1  Biology.     By  Prof.  W.  T*  Sbdowicx,  of  Massachusetts  Institute  of 

Technolo^,  and  Prof.  E.  3.  Wil&on»  of  Columbia  College.    {Revised amd 
eniarged,  i8g6,>    sjt  pp.     8vo.    $1-75  met. 

8.  Psyehology.     By  William  Jamvs,  Professor  in  Harvard  Colle^.    Advesnced 

Comrse,     689 -{- 704  pp.     8vo.     a  vols*     $4.80  wr/. 
The  same.     Brttfer  Course.    478  pp.     tamo.    |i.6o  net. 
f.    Physics.     By  Gsokgk  F.  Baxkir,  Professor  in  the  University  of  Peaotylvik 

nta.     AdxHiHced  Ceune,    907  pp,     8vo.    I3.50  n#/. 
10.    Gaology.     By  Thoha.s  C.  CMAuatauN  and  Rollim  D.  SAUSBtrRV,  Proferaon 

in  the  University  of  Chicago.    (In  PrepAratioH.) 
1 1»     Finanee.      By  H  knrv  CARram  Adams,  Profeasor  Jn  the  Uaiversity  of  MkhJk 
gaix    Advamtd  Comrsg.    xiji  +  573  pp>    Bvo.    §3,50  met. 
iu.i^oo  (,j 
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Allen's   Laboratory  Exerelset  in   Elomentary  Physics.      By  Chas.   R. 

Allen,  of   the    New    Bedford,   Mass.,    High    School.     Pupils* 

Edition^  x  +  209  pp.,  80c.,  net.      Teachers'  Edition^  $1.00,  net. 
Arthur,  Barnes,  and  Coulter's  Handboolc  off  Plant  Dissection.     By  Prof. 

J.  C.  Arthur,  of  Purdue  Univ.,  Prof.  C.  R.  Barnes,  of  Univ. 

of  Chicago,    and    Prcs.  John   M.   Coulter,  of    Lake    Forest 

Univ.     xi -f- 256  pp.     $x.20,  ff^*/. 
Aticinson's    Elementary    Botany.    By   Prof.   Geo.   F.   Atkinson,    of 

Cornell.     Fully  illustrated,     xxiii -{- 441  pp.     $1.25,11^/. 
Atkinson's  Lessons  in  Botany.    Illustrated.    365  pp.    $1.12,  net. 
Barlcer's  Physics.     See  American  Science  Series. 

Barnes's  Plant  Liffe.  By  Prof.  C.  R.  Barnes,  of  University  of 
Chicago.     Illustratfd,     x -{- 4^8  pp.     $X.I2,  ff^*/. 

Barnes's  Outlines  of  Plant  Liffe.    Illustrated,    308  pp.    $1.00,  net, 

Beal's  Grasses  off  North  America.  For  Farmers  and  Students.  By 
Prof.  W.  J.  Beal,  of  Mich.  Agricultural  College.  Copiously 
Ill'd.    8vo.    Vol.  I..  457  pp.    $2.50,  «^/.    Vol.  II.,  707  pp.    %S^net. 

Bessey's  Botanies.     See  American  Science  Series. 

Biacic  and  Carter's  Natural  History  Lessons.  By  Geo.  A.  Black,  and 
Kathleen  Carter.     (For  the  very  young.)    98  pp.     50c..  mt, 

Britton's  Manual  of  the  Flora  of  the  Northern  States  and  Canada.     By 

Prof.  N.  L.  Britton,  Director  of  N.  Y.  Botanical  Garden. 

Bumpus's  Laboratory  Course  in  Invertebrate  Zoology.    By  H.  C.  Bumpus, 

Professor  in  Brown  University.      Revised.     I57  PP«     %i,  net, 
Cairns's  Quantitative  Chemical  Analysis.     By  Fred' k  A.  Cairns.     Re- 
vised and  edited  by  Dr.  E.  Waller.     417  pp.     Svo.     $2,  net, 

Champlin's  Young  Folks'  Astronomy.  By  John  D.  Chamtlin,  Jr., 
Editor  of  Champlin's  Young  Folks'  CyclopceJias.  Illustrated, 
vi  +  236  pp.      l6mo.     48c.,  net. 

Congdon's  Qualitative  Analysis.     By  Ernest  A.  Congdon,  Professor 

in  Dicxel  Institute.     64  pp.      Interleaved.     Svo.     60c.,  net, 
Crozier's  Dictionary  of  Botanical  Terms.    202  pp.     Svo.    $2.40,  net, 
Hackel's    The    True    Grasses.     Translated    from    "  Die    natilrlichen 
Pflanzenfamilien '•     by    F.    Lamson-Scribner    and     Effie     A. 

SOUTHWORTH.       V  -|     228  pp.       Svo.       $1.50. 

Hall's  First  Lessons  in  Experimental  Physics.  For  young  beginners, 
with  quantitative  work  for  pupils  and  lecture-table  experiments 
for  teachers.  By  Edwin  H.  Hall,  Assistant  Professor  in  Har- 
vard College,     viii  -f-  120  pp.     i2mo.     65c.,  net. 

Hall  and  Bergen's  Text-book  of  Physics.  By  Edwin  H.  Hall,  Assist- 
ant Professor  of  Physics  in  Harvard  College,  and  Joseph  Y. 
Bergen,  Jr.,  Junior  Master  in  the  English  High  School,  Bos« 
Ion.     Greatly  enlarged  edition,     596  pp.     i2mo.     $1.25,91^/. 

Postage  8%  additional  on  mt  books.    Descriptive  list  fra. 
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Htrtwig's  General  Prinelptei  of  Zoology,  From  the  Third  Edition  of 
Dr.  Richard  Hertwig's  LihrbUih  dtr  Zoohgit,  Translated  and 
edited  by  George  VVjlton  FtKLP,  Professor  in  Brown  Univer- 
sity.     226  pp.      8vo.     $1.60  net, 

Howetrs  Dissection  ol  the  Dog.  As  a  Basis  for  the  Studjr  of  Physi- 
ology. By  W,  H,  HowELi.»  Professor  in  the  Johns  Hopkins 
University,      joo  pp.     8vo.     $t.oo  ntt, 

Packman's  Hature  Study  for  the  Common  Schools.  (Arranged  by  the 
Months. )  By  WiLiirk  Jackman,  nf  the  Cook  County  Normal 
School,  Chicago  III.      44B  pp>     1 1.20  net. 

Kerner  &  Oiiver^s  Natural  History  of  Plants.  Translated  by  Prof.  F, 
W,  OtJVKR,  of  University  College,  London.  4to,  4  parts. 
With  over  1000  tUustrations  and   16  colored  plates.     $15.00  nt(, 

Kingsley's  Vertebrate  Zoology.  By  Prof.  J.  S.  Kingsley,  of  Tufts 
College,     liliistrntfd,     439  pp.     8vo.     $3.00  mt. 

Kingslefs  Elements  of  Comparative  Zoofogy,    357  pp.    12 mo.    Si. 20  nrt, 

Macalister's  Zootogy  of  the  Invertebrate  and  Vertebrate  Animals.  By 
Alex.  Macajjster.  Revised  by  A.  S.  Packard.  277  pp. 
1 6  mo.     8uc.  net, 

MacDougars  Experimental  Plant  Physiology.  On  the  Basis  of  Oets' 
P/i,tnzfri/*hysii^hxisi'hf  VrrsUi/ie.  By  D.  T.  MacDougal,  Uni- 
versity of  Minnesota,      vi  -J~  68  pp.      8vo.     $1.00  «^/. 

Macloskie's  Elementary  Botany.  With  Students*  Guide  to  the  Exam- 
ination and  Description  of  F^lants.  By  George  Macloskie, 
iLSc,  I.L.P.     373  pp.     $1.30  nr/. 

HcMurrrch's  Teit-book  of  invertebrate  liorphology.  By  J.  Play  fair 
MoMt'RRrCMp  M,A.,  r*h.U,,  Professor  in  the  University  of  Cin- 
cinnati,    vii  +  661  pp.     8vo.     Nfw  EdttioH.     f  3,cx>  net, 

McKab's  Botany.  Outlines  of  Morphology.  Physiology,  and  Classi- 
ficattoTi  tjf  !*lanis.  By  WtLUAM  Ramsay  McNab.  Revised  by 
Pruf.  C.  E.  Bessry.     400  pp.     i6nio.     80c,   nei, 

Hartin'^  The  Human  Body.     Sec  American  Science  Series. 

^Merriam's  Mammals  of  the  Adirondack  Region,  Northeastern  New 
V'ork.  With  an  introduction  treating  of  the  Location  and 
Boundaries  of  the  Region,  its  Geological  History,  etc.  By  Dr. 
C.  Hart  MKKkiAM.     316  pp.     8vo.     $3.50  «<-/. 

Newcomb  &  Holden's  Astronomies,    See  American  Science  Seriea* 

Nicholson  &  Avery^s  Exercises  in  Chemistry,  By  Prof.  tl.  H.  Nichol- 
son, University  of  Nebraska,  and  Prof.  Samuel  Avery»  Uni- 
vcFHiry  of  Idaho.      134  pp.     60c.  net, 

*Woers  Buz  ;  or.  The  Life  and  Adventures  of  a  Honey  Bee.  By 
Mauru  K  NoKL,     134  pp.     $i.r>o. 

Noyes*s  Elements  of  Qualitative  Analysis.  By  Wm.  A.  Novbs.  Pro- 
fess«<r  in  the  Rose  Polytrchnic  Instilnlc.    gi  pp.    8vo.    8oc.  net, 

Packard's  Enlemology  for  Beginners.  For  the  use  of  Young  Folks, 
Fruit-growers,  Farmers,  and  Gardeners.  By  A.  S.  PACKARD 
xvi -1-367  pp.      Third  Edition ^  Rfvittd,     $1.40  n//. 
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Packard's  Guide  to  the  Study  of  Insects,  and  a  Treatise  on   those 

Injurious  and  Beneficial  to  Crops.     For  Colleges,  Farm-schools. 

and  Agriculturists.      By  A.  S.  Packard.     With  15  plates  and 

670  wood-cuts.     Ninth  Edition,     715  pp.     8vo.     $4.50  net. 
Outlines  of  Comparative  Embryology.    Illustrated.     243  pp.     8vo. 

$2.00  net, 

Zoologies.     See  American  Science  Series. 

Peabody's  Laboratory  Exercises  In  Anatomy  and  Physiology.      By  Jas. 

Edward  Peabody,  of  the  High   School   for   Boys  and    Girls, 

New   York.     x4-79pp.     Interleaved.     i2mo.     toe,  net. 
Pericins's  Outlines  of  Electricity  and  Magnetism.     By  Prof.  Chas.  A 

Perkins,  of  the    University  of   Tennessee.      277  pp.      12100. 

1 1. 10  net, 
Pierce's  Problems  in  Elementary  Physics.    Chiefly  numerical.     By  E. 

Dana  Pierce,  of  the  Hotchkiss  School.     194  pp.     6oc.  net. 
*  Price's  The  Fern  Collector's  Handbook  and  Herbarium.    By  Miss  Sadie 

F.  Price.     72  plates,  mostly  life-size,  with  guide.     4to.     $2.25. 
Randolph's  Laboratory  Directions  in  General  Biology.    163  pp.    80c.  net, 
Remsen's  Chemistries.     See  American  Science  Series. 
Scudder's  Butterflies.    By  S.  H.  Scudder.    322  pp.    i2mo.   %\,iionet, 
Brief  Guide  to  the  Commoner  Butterflies,    xi  +  206  pp.    $1.25. 

The  same.     With  21  plates ^  containing  97  illustrations,    $1.50. 

The  Life  of  a  Butterfly.     A  Chapter  in  Natural  History  for  the 

General  Reader.     By  S.  H.  Scudder.     186  pp.     i6mo.    8oc.  net, 
Sedgwick  and  Wilson's  Biology.     See  American  Science  Series. 
♦Step's  Plant  Life.    Popular  Papers.    Illustrated.    218  pp.    $100  net, 
Torrey's  Elementary  Studies  in  Chemistry.    By  Joseph   Torrey,    Jr., 

Instructor  in  Harvard.     4S7  pp.     $1.25  net. 
Underwood's  Our  Native  Ferns  and  their  Allies.     By  Prof.  Lucien  M. 

Underwood,  of  Columbia.      156  pp.     $1.00  net. 
Underwood's  Moulds,  Mildews,  and  Mushrooms.  IlFd.   236  pp.  %\.^Qnet. 
Williams's  Elements  of   Crystallography.     By   George    Hu.ntington 

Williams,  late   Professor    in    the    Johns    Hopkins   University. 

X -|- 270  pp.      Rexfised  and  Enlarged.     $1.25  net. 
Williams's   Geological    Biology.    An     Introduction  10  the  Geological 

History  of  Organisms.     By  He.nry  S.  Williams,  Professor  of 

Geology  in  Yale  College.      8vo.      395  pp.     $2.80  net, 
Woodhull's  First  Course  in  Science.     By  John  F.   Woodhull,  Pro- 
fessor in  the  Teachers'  College,  New  York  City. 

/.     Book  of  Experiments,    xiv -f"  79  PP«    8v'o.    Paper.    ^Qcnet. 
II.      Text-Book.     XV  -|-  133  PP-      i2mo.      Cloth.     65c.  net. 
Woodhull  and  Van  Arsdale's   Chemical  Experiments.     An    elementary 

manual,    largely  devoted    to  the    chemistry  of    every-day    life. 

Interhavcd.      136  pp.      6oc.  net. 

Zimmermann's  Botanical  Microtechnique.     Translated  by  James  Ellis 
Humphrey,  S.  C.     xii -f  296  pp.     8vo.     %2.^q  net. 
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Two  Masterpieces  on  Education 


Siii  ImpreMsion  of  m  fMsciaailng  book 

JAMES'S    TALKS    ON    PSYCHOLOGY 

TALKS  TO  TEACHERS  ON  PSYCHOLOGY  AND  TO 
STUDENTS  ON  SOME  OF  LIFE'S  IDEALS.  By  Wil- 
liam James,  Professor  in  Harvard  University,  Author  of 
•*The  Principles  of  Psychology,"  etc»  xi  +  jot  pp.,  i2mo, 
gilt  top.     $1*50,  wff. 

In  writing  these  "  Talk*  *•  out.  the  author  has  fn-adumHy  weeded  out  a»  much 
■•  potaible  of  the  analjrtical  technicilitiet  of  ihe  ii^ctence.  In  iheif  present 
form,  they  contain  a  amnimum  of  what  in  (Seemed  *' scientific  **  in  psychology 
and  are  practical!  and  popular  in  the  extreme. 

7*/  Nathn  :  "  Hi*  style  has  the  (quaHity  of  a  communicable  frrvor,  a  clear, 

Save  passion  of  sincerity  and  conviction,  from  which  some  vibration  detaches 
elf  and  passes  into  the  reader,  and  forma  him  to  the  writer's  mood."^ 
Contents:  Psychology  and  the  Teaching  Art;  The  Stream  of  Consciousness  ; 
The  Child  aaa  BehAvinj;  Orij^anism  ;  Education  and  Beharior  ;  The  Neces- 
sity of  Reactions  ;  Natjve  and  Ac«juired  Reactions  ;  What  the  Native  Kcac- 
tiona  Arc  ;  The  Laws  of  tiabit ;  Ihe  Association  of  Ideas;  Inicrcvt  ;  Atten- 
tion ;  Memory  ;  The  Acejuisitlon  of  Ideas-  Apperception;  The  Will :  The 
Gospel  of  Relaxation  \  Dn  a  Certain  Blindness  in  Human  Beings  ;  What 
Makes  Life  Significant. 

WALKER'S   DISCUSSIONS  IN 
EDUCATION 

By  the  late  Francis  A.  Walker,  President  of  the  Massachu- 
setts Instittite  of  TechnoJogy.      Edited  by  James  Phinney 
M  UN  ROE.     342  pp.,  8vo.     $3.00,  fUt, 
The  attthor  had  hoped  himself  to  collect  these  papers  in  1  i^olumc. 

Th*  Dm/:  ^*  A  6ltmg  memorial  to  its  author.^  .  «  .  The  breadth  of  his 
experience,  as  well  as  the  natural  ran^e  of  his  mlnd^  arc  here  reflected.  The 
•nnjects  dealt  with  are  all  live  and  practicaL  .  .  .  He  ncTcr  deals  with  them 
in  a  narrow  or  soHcakled  '  practical  *  way." 

LitrratMre  :  "  The  distini^uiihinif  traits  of  these  papers  are  open-minded- 
ness,  breadth,  and  sanity.  .  .  .  No  capable  student  of  education  will  overli:>ok 
General  Walker's  book;  no  serious  cullection  of  books  on  education  witl  be 
without  it.  The  distinguished  auihor^s  honesty,  sagacity ^  and  courage  shine 
00  cTcry  page," 

Tkf  BattoM  Tritnscript :  **  Two  of  hisconspicuotia  mertU  characteriie  these 
papers,  the  peculiar  power  he  possessed  of  enhstinjif  and  retaining  the  attenti(»n 
for  what  arc  commonly  supposed  to  t>e  dry  and  difficult  subjects^  and  the  ca- 
pacity he  bad  for  controversy,  sharp  and  mcisive,  but  so  candid  and  generous 
that  It  left  00  festering  wound." 
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^Should find  aplact  in  tvety  coiUgt  andpuhKc  Kbrary^^-^^osetom  Tran8CSIP1^ 

KERNER'S  NATURAL  HISTORY 
OF  PLANTS. 

Translated  by  Professor  F.  W.  Oliver,  of  University  Coll^re, 
London.  A  work  for  reference  or  continuous  reading,  at  once 
popular  and,  in  the  modem  sense,  thoroughly  scientific.  With 
i6  colored  plates  and  looo  wood  engravings.  Four  parts.  4to. 
Cloth.    $15.0011^/. 

Tk«  Nation:  "  The  author  evidently  planned  at  the  outMt  to  take  erery  attracthre 
teature  of  plants  o£  all  grades,  and  place  these  attractive  features  in  the  verv  bc«t  light. 
For  this  purpose  he  has  skillfully  employed  a  brilliant  style  of  exposition,  and  he  has  noc 
hesitated  to  use  illustrations  in  black  and  in  color  with  the  freest  hand.  The  purpose  has 
been  attained.  He  has  succeeded  in  constructing  a  popular  work  on  the  phenomena  of 
vegetation  which  is  practically  without  any  rival.  The  German  edition  has  been  accepted 
from  the  first  as  a  useful  treatise  for  the  instruction  of  the  public  ;  in  fact,  some  of  its  illus- 
trations have  been  taken  bodily  from  the  volumes  by  museum  curators,  to  enrich  exhibi- 
tion cases  designed  for  the  people.  With  two  exceptions,  the  full-page  colored  plato 
leave  little  to  be  desired,  and  might  well  find  a  place  in  every  public  museum  in  wbich 
botanv  has  a  share.  Most  of  the  minor  engravings  are  unexceptionable.  They  are  clear, 
and  almost  wholly  free  from  distracting  details  which  render  worthless  so  many  illustra- 
tions in  popular  works  on  natural  history.  Professor  Kemer's  style  in  German  is  seldom 
obscure— it  is  what  one  might  fairlv  call  easy  reading  ;  but  it  i$  no  disparagement  to  him 
and  his  style  tostate  that  the  translation  is  clearer  than  the  original  throui^hout.  .  .  In  the 
first  two  issues  the  author  was  engaged  chiefly  with  the  study  of  the  structure  of  the  plant, 
and  its  adaptation  to  its  surroundings.  In  thin  concluding  volume  he  consider  the  plant 
from  the  point  of  view  of  its  relation  to  others.  Therefore  he  begins  with  a  full  and  ab- 
sorbingly interesting  account  of  reproduction  in  the  vegetable  kingdom,  and  then  pas<ies  to 
an  examination  of  species.  .  .  With  this  book,  there  is  no  excuse  for  even  busy  people  to 
be  ignorant  of  how  the  other  half,  the  plant-half,  lives.** 

Botanical  Gazette  :  *'  Kcrner's  work  in  English  will  do  much  toward  bringing  modem 
botany  before  the  intcllijBcni  public.  We  need  more  of  this  kind  of  teaching  that  will 
bring  those  not  professionally  interested  in  botany  to  some  realization  of  it's  scop>e  and 
great  interest." 

Professor  J .  E.  Humphrey  :  **  It  ought  to  sell  largely  here  to  colleges  and  public  libra- 
ries, as  well  as  to  individuals,  and  lean  heartily  commend  it." 

John  M.  Afac/arlane,  Professor  in  University  of  Pennsyh'ania  :  **  It  is  a  work  that 
deserves  a  wide  circulation." 

Professor  John  M.  Coulter  in  The  Dial :  **  It  is  such  books  as  this  that  will  bring 
botany  fairly  before  the  public  asa  subject  of  absorbing  interest  ;  that  will  illuminate  the 
botanical  lecture-room;  that  will  convert  the  Gradgrind  of  our  modern  laborator>'  into  a 
student  of  nature." 

AVw  Vork  Times :  "  A  magnificent  work,  with  'ts  careful  text  and  superb  illustrations 
The  whole  processof  plant  life  is  explained,  and  all  the  wonders  of  it." 

The  Critic :  *' In  wonderfully  accurate  but  easily  comprehended  descriptions,  it  opea 
to  the  ordinary  reader  the  results  of  botanical  research  down  to  the  present  time." 

The  Outli^ok  :  ".  .  .  For  the  first  time  we  have  in  the  English  language  a  great  work 
upon  the  living  pl.mt,  profound,  in  a  sense  exhaustive,  thoroughly  reliable,  but  in  iani^uage 
simple  and  beautiful  enough  to  attract  a  child.  .  .  The  plates  are  most  of  them  of  unusual 
beauty.  Author,  translator,  illustrators,  publishers,  have  united  to  make  the  work  a 
success." 
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